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Introduction

This nal report is organized into twd parts. The first part i an executive surmary
which is contained in the first 37 pages of the report, and the second part is the complete
and full Techniral Data Package provided to the 1U.5. Army accoraing to the technical stan-
dards required for reporting this completed contract efort. The executive summary is
included because the complete manuscript (Teckaical Data Package) is so long as to be very
time consuming to read 'n its en*irety, and the abstract is too short for even an overview of
such an extensive effort.




Nature of the Problem

Medical care of casualties on the & *lefeld is a major challenge to miiitary operations
under all conditions. but is especially din.cuis with "he risk of chemical agent exposure. In
particuial the currenty depoved clemica. proteciive ensemble to be wora by LD Army
personnel in a chemical agent eavironment Las created a unique probiem. “Whez fullv pro-
tected {that is at MCPP-4 level) by the complete ensemble, it is not possible for the medic
to determine whether a motionless casualty is alive or dead. Neither taking a pulse, nor see-
ing chest motion with breathing is possible due tn the bulky, thick material of the chemical
defense suit. The mask preveats the medic from detecting air fow duriug respiration.

Of course, the chemical defense gear cannot be removed from the casuaity for the pur-
pose of gaining access to the anatomical sites suitable for detecting the pulse or respiration
because removal of the gear without decontamination would expose the casuaity to the
chemical agent. Consequently, there is a need for a method to determine whether or not a
casuaity in full chemical protective gear is dead or alive without violating the integrity of
the protective gear. This is the probiem addressed in the project DAMD 17-37-C-7195.



Background of Previous Work

The Hillenbrand Biomedical Engineering Center of Purdue University has developed a
new method of detecting life signs using a sensor system worn on the wrist. Several eveunts
can be detected. including motion, heart rate and respiration using this sensor. We pro-
pesed in 1985 to develop a prototype system for feid testing which would provide remote
casuaity triage and location using a 2-way radio link, the new sensors, and a stimulus-
response sequence whereby the soidier could indicate his or her status to field medical per-
sonnel.

Remote Triage Sysiem

We proposed and showed feasibility for remote triage of casualties in the battlefield.
We also proposed further development to achieve a practical and fieldable systemn. The sys-
tem envisioned would include sensors worn on the wrist of ezch soldier (Figure 1) to deter-
mine responsiveness, motion, heart rate, and respiratory rate. A computer based expert sys-
tem at a central station (Figure 2) uses these data to triage soldiers into categories of 1)
functional, 2) wounded but stable. 3) needing immediate evacuation, 4) alive. but fatally
wounded, and 5) dead. Display of this information is provided in tabular or graphic form
on a terminal at central station. The system operates under control of the central station
operator who uses the menu driven program in the central computer. A major capability of
the system is to determine corsciousness and responsiveness remotely. Also, the 2-way radio
link allows the location of the casualties using a graphic display of the battlefield.

For example after friendly forces have achieved control of the battlefield, the central
station interrogates ail of the soldier PMC's by radio iransmission (Figure 3). A non-
painful, safe, electrical stimulus is applied to the soldiers’ wrists {rom electrodes A and B on
the inoer surface of the wristband (Figure 3). If the soldier is ail right. he pushes the "OK"
button. If the OK button is not pushed (Figure 4), impedance sensors switch oa in the
wristband 2nd record motion, heart rate and respiration. All data is processed and stored
in the wristband's microprocessor.

A second radio signal is then sent to all wrist units which instructs the wrist unrits to
serially transmit back the data in a short data bit sequeace (Figure 3). The ceatral station
expert system then ecategorizes all soldiers, and determines iceation of the casualties only.
Non-casuajies con'd Le loekrd out of the locator capability.

[2ata can be presented at central stition in the form of detailed tabular data (Figure
6), or bar graph sammaries (Figure 7), as well as display of casualty location (Figure 8).
Thus medics, ambulances and other resources can be deployed to best advantage, favorably
affecting mortality and morbidity of casualties, and decreasing risk to medical personnel.
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In summary, the individual soldier’s equiprment is worn on the wrist, and includes a
2-way radio link, a stimulater which applies a safe, non-painful electrical s:imulus to the
wrist, a response switch, a tetrapolar, dry-electrode, irapedance measuring plethysmnograph,
and a microprocessor-based signal processor which determines subject motion, heart rate
and respiratory rate. The central station consists of 2 antennas and 2-way radio links,
menu-driven software for the expert system, and tahular or graphic displays on a small
portatle computer. Graphic display includes the soldiers’ triage category and location.

The system is envisioned to be optimized for operation after a battle, or during lulls in
action, when deployment of medical personnel is most practical, and security of the infor-
mation can be best assured. Finally, the system will be operational under conditions of con-
ventional or chemical battlefield warfare at all levels up to and including MOPP-4.

On February 26, 1986 a prototype system was demonstrated to the Army in W. Lafay-
ette, Indiana, on the Purdue Campus. The prototype, soldier-worn haraware as demon-
strated, is shown in Figure 9.

16



Figure 9.

Prototype hardware demonstrated during earlier work on field med-
ical care of soldiers.
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Purpose of Present Work

Because of the need for a system to detect life in a casualty wearing chemical defense
equipment our development efort was redirected awayv from the remote triage system at the
request of the Army, and {unded in 19586 to nrovide a life detector system with these charac-
teristics for concept evaluation:

1. A complete functional system comprised of 2 pieces of hardware, the wristband
(PMC) ard the hand-held interrogator, or monitor (HHM).

2. Two (2) systems to be provided, i.e. 2 wrist bands and 2 interrogators.

3. The system will be operable with beth the wearer and medic in NBC protective cloth-
ing ensemble, or -with the wearer in a chemical warfare agent protective wrap and the
medic in NBC protective clothing ensemble. No penetration, or removal, of the chem-
ica: protective gear will be required for use.

4. Both hardware items wil! be battery operated, with replaceable batteries.
5. The interrogator will provide readout of heart rate on an LCL.

6. The system will be operable at a range of up to 5 feet between the interrogator
(medic) and wearer (casualty).

No direct contact will be required between the user (medic} and wearer (casualty).

8. The system will be desigred to discriminate as much as possible between the heart
rate and expected artifacts of noise, vibration, motion, aad environmental electronic
signals.

Deseription of Deliverable [tems

Brass-hoard hardware will be provided including two {2) PMC units and two (2) baad
held transmitter/receivers suitable for use by a medic or other operator. The PMC's are to
be worn on the wrist of a subject, and will determine heart rate from the subject and
transmit tke heart rate to the hand-held receiver. The system will be designed to operate
even when the subject is at MOPP-4 level and/or in a chemical pratective wrap. The range
of operation will be at least 5 feet. The system will be capable of determining which of the
2 PMC's is being received when both units are in close proximity. In addition, instructions
for use of the system wii! be nrovidea.

The size of the wrist-worn and medic operated componeats to be delivered for concept
testing must be reduced, compared to the triage prototype hardware deronstrated in 1986,
but this hardware will not be as small as the system could be made for widespread deploy-
ment. (These units can be made 40 to 8095 smaller than the concept evaluation units,
because custom chips and hybrid circuits can be incorporated after design is finalized for
large scale production.)

18



Reuvised Scope of Work in 1988

It is important to note that a substantial revision in scope of work was requested and
negotiated by the Army, and agreed to on May 6, 1988, This revised scope specified an
increased aumnber of deliverable items including eight more wrist units, one more hand held
urit and one prototype multimenitor. Also, an extension cf time for delivery was given,
inasmuch as the Army tests were not scheduled until 1890. Also, there was a breadboard
"multimonitor” originally specified in the contract for a "demonstration only"” at Purdue,
and in the revised scope of work this breadboard was specified as a deliverable item. How-
ever, the muitimonitor was specifically excluded from the Technical Data Package. The
envisioned multimonitor use is at a battalion aid station, or other suitable area, and it is
designed to monitor muitiple PMCs simultaneously, and automatically.

19




Methods of Approach

The technology used for this life detector system was very similar to *hat described
previously for the remote triage PMC systems. using tetrapolar impedance seasors on the
wrist. The eiectrodes are of dry stainiess steei. The complex imrpedance signal from the
wearer's wrist is processed in the PMC unit for heart rate determination. The state-of-the-
art Motorola MC68HL11 CMOS chip is the heart of the wrist-worn part of the system.
Radio-frequency communication links used are adequate for the short-range requirements.

Theory

The heart rate is measured by monitoring the peripheral pulse from the wrist using a
plethysmograph. Four electrodes (referred to as a tetrapolar electrode system) are placed
around the wrist. As the circulatory system pumps biood through the arteries at the wrist,
the impedance changes at the electrodes can be sensed by electronic circuitry. These changes
are interpreted as pulses. This method is easy ‘o apply, i3 non-invasive and is only slightly
affected by variations in temperature and barometric pressure. Figure 10 shows a typical
complex plethysmographic signal. Signal processing separates the cardiac and respiratory
signals as shown in Figure 11. Hear: rate can then be coun‘ed. Figure 12 shows the effects
of motion to produce large signals which document motion of the subject.

The wristband of the device, called a PMC, contains the four electrodes. The device
functions properly only when all four electrodes are in {ull contaet with the skin. The wrist.
impedance signal measured by the plethysmograph is connected to an A;D converter con-
tained in the microprocessor. The processor accesses a software algorithm to analvze the
digital signal and compute the heart rate. The resulting value is stored in memory. This real
time process continuously updates the heart rate value while the PMC unit is actl. ated.

The heart rate is displayed on the LCD of the HHM when a transmission link exists
between the HIIM and the PMC. The transmission link is established when the HHM is
placed within 2 inches of a selected PMC and the ACTIVATE button of the HHM is
pressed. This action causes a coil in the HHM to induce a current in a coil in the PMC
which in turn activates the PMC. The PMC then begins the data collection and the heart
rate calculation. The heart rate i3 transmitted via a radio frequency transceiver to the HITM
and displayed on the LOCD. The HHM continues to request information 7 v the selected
PMC and the PMC continues to transmit updated heart rate informatic: until the HHM-
PMC link is broken. A break occurs when the HHM activates a new PMC or when the HEM
is turned off. All data ccllection and heart rate calculations occur automatically. No outside
intervention is necessary.
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Results Obtained

As requested, the system was developed, demonstrated at an acceptance meeting on
October 31, 1989 at Purdue University, and delivered to Ft. Detrick, MD. in November,
1989.

Personal Monitor/Communicator

The PMZT is composed of a rectangular box connected by wire leads to a wristband.
The wristband contains the tetrapolar dry-electrode impedance measuriag plethysmograph
necessary for monitcring the soldier. The band wraps around the wrist of the soldier and
must be in direct contact with the skin. The box contains a 2-way radio link and a
microprocessor. The unit is powered by batteries which fit in a compartment on the side of
the box. The box needs to be aifixed to the forearm (left or right) of the soldier. There is
no need for the box to be in direct contact with the skin. The entire PMC assembly can be
worn under a chemical defense jacket or other clothing. See Figure 13.

Hand Held Monitor

The HHM consists of a single rectangular box with a removable antenna (Figure 14).
Located on the front face of the HHM are two switches (ON-OFF switch and ACTIVATE
button} and a display panel. The ON-OFF switch controls the power to the HHM. The
ACTIVATE button causes the HHM to gather information from a specified PMC. The rec-
tangular liquid crystal display (LCD) panel displays the status of the soldier being moni-
tored and the status of the PMC. An additional switch is located on the side of the HHM
nearest the ON-OFF switch. This switch turas on the background light for night time use
of the LCD. Two battery compartments are located on the HI{M. The battery compart-
ment located on the top of the unit near the antenna provides power for background light-
ing of the liquid c¢rystal display. The battery compaitment on the bottom of the HHM is
the main power supply. The bottom batlery compartment cover can be seen in Figure 14.

The HHM indicates it i3 on by displaying the following message:

Hand Held
Monitor (HHM)

This message remains on the screen for only a few seconds.

24



Y
[

r
>

Personal monitor/communicaior (concept evaluation unit).

Figure 13.




(1un uonenwAd 1dadu0d) Joytnout pray puwyg

1 Aandiy



The HFIM then displays the following instructions:

Put HHM Near PMC
Press ACTIVATE

The back side of the HHM is held within 2 inches of the rectangular box of the PMC that is
\o be monitored, as shown in Figure 15. With the HHM in this location the operator briefly
presses and releases the ACTIVATE button on the front of the HHM. The HHM then
displays the message:

Attempting
PMC Activation

When the activate procedure works, the HHM displays the message:

PMC ACTIVATED

The HHM can now be moved a few feet away from the PMC.

The HHM will then attempt to communicate with the designa.ed PMC and will display the
message:

Attempting PMC
Communication

27




Figure 15.

Position of PMC and HIDM for system activation. In this figure the
chemical defense jacket is not shown. However, the system will
transmit through the jacket. (See Figure 18).
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When communication is established between the HHM and the PMC, the HHM begins to
display messages concerning the soldier’s status. If the sensed heart rate is reasonable, then
the message: ‘

Heart Rate #

where the character '#’ is replaced by the soldier’s heart rate, appears. See Figure 16.

Other messages that may occur during this phase of monitoring include:

Low Pulse

or

Motion

Messages are displayed approximately every 15 seconds after the PMC has been activated.
If motion is present, the heart rate may not be displayed.

Monitoring a new PMC may begin during any point of the HHM operation. To monitor a
new PMC, the back side of the HHM is held approximately 2 inches ahove the rectangular
box of the new PMC and the ACTIVATE button is pressed. The HHM now ignores the pre-
viously active PMC and monitors the newly selected PMC. More than one HHM may moni-
tor a single PMC.







Conditions may require the HHM software to make several attempts to activate the selected.
PMC. The retransmission message:

Attempting
Retransmission

will appear on the screen until the procedure fails or the PMC is activated.

If the activate procedure fails, then the following message is displayed:

ERROR-Repeat
Activate Steps

and the activate procedure must be repeated.

After the PMC is activated, several attempts may be made by the HHM to comrmunicate
with the PMC. During these attempts, the following message wiil appear on the LCD screen:

Attempting
Retransmission

This message indicates the HHM has not success{ully prompted the activated PMC.

If the HHM is unable to establish communication with the PMC then the HHM displays the
message:

Lost
Communication
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After this message, the PMC must te re-activated so the HHM displays the message:

Put JHM Near PMC
Press ACTIVATE

If the message:

Check
Wrist Strap

appears, then the PMC is not properly strapped to the soldier. The HHM will not be able
to determine the soldier’'s status when this problem exists.

If the message:

Low PMC Battery

appears, then the batteries in the PMC unit are weak and must be replaced.

Multimonstor

The {ront view of the prototype monitor is shown in Figure 17. This device can be
used to m.onitor the status of several soldiers in the immediate area, and for example, could
be used in the battalion aid station to allow one medic to monitor multiple casualties, even
under conditions of chemical warfare. It is called the Multi-Monitor. The device will
automatically and periodically check the hea:t rate and motion status of all soldiers being
monitored. The Multi-Monitor is a battery-powered portable device with integral radio,
keypad, display and audible alarm.

When the multimonitor is turned on by pressing the off-on rocker switch (see Figure
17) the instructions for use appear on the display as shown.

To activate a PMC, the multimonitor is held over the wrist unit (within 2 inches) and
the ADD button is pushcd. After about 20 seconds the casualty's identification number,
heart rate, and motion status will be displayed on the screen.
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To add a second casualty, the multimonitor is held over the second PMC, and the
ADD button pressed. Data from both subjects are then displayed. Likewise, additional
subjects can be added, and their status displayed on the screen, up to 2 maximum of 10.

To remove a sudject {from the group being monitored, it is necessary otly to move the
cursor up or down by pressing the up or down arrow buttons. When the cursor is on the
subject to be deleted, pressing the DELETE button will remove that casual: - ‘rom the
monitor. To obtain operating instructions for the multimonitor it i3 only necessary to press

the HELP button.

The multimonitor operates on standard "D"” cell batteries. It does not have a lighted
display for use in low light conditions. It does have the check wrist strap, lost communica-
tion, low pulse, motion, and low-battery display categories of the HHM.

The circuit diagram for the multimonitor is shown in Figure 18. The programming
software, which is not included in the Technical Data package, follows the Technical Data
Package.
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Conclusions: Assessment of Characteristics
and Future Enhancements for the Life Detector
(Personal Monitor and Communicator)

Some characteristics of the system delivered to Ft. Detrick were different than
envisioned at the start of the project, and deserve comment.

We were able to make the hand held monitor smaller than originally expected, and
could have made it even smaller, except for the extensive R.F. shielding required by the
radio design of the subcontractor (Magnavex) and because of limited visibility of smaller
LCD display screens. The wrist-worn urit was lighter in weight than we had aaticipated
because we were able to use very lightweight materials to make the case. The size of the
wrist-worn unit was, however, larger than we had hoped for, due mainly to the size and,
again, the shielding requirements of the radics. The radio chosen for the system used a fre-
quency ascigned to us by the Army during our previous development effort, and proved to
be a substaniial problem for both miniaturization and broadcast range of the system Cer-
taialy, the next generation mocels should use a higher frequency in order to achieve size
reduction (and/or a lovger range if desired). Selection of a more practical frecuency, com-
bined with use of custom chips in the circuitrv, should provide a several-fold reduction in
size of Loth the wrist-worn and hand-held units. Size reduction by using custom chips was
not possidie for the field-test units we delivered due to the limitation of financiai resources
allocated to the contract by the army. Custom chip design and fabrication, plus othe: size
reduction technology, requires larger volume production to be cost-effective. We are of the
opinion that the complete PMC can be incorporated into the wrist-band in the future if
adequate resources are deployed toward the effort. The wrist unit would, however, probably
be somewhat larger than the artists depiction sbown in the Figure 19, which is from our
1986 report.

The muitimonitor was substantially ruggedized by us, even through the Army had not
requested this ruggedization. We were of the opinion that this improvemeut was important,
since the multimonitor might be 1nsed for briefings or laboratory demounstrations at a later
date, and therefcre it would be useful to bave the breadboard look more or less like a ficid-
able unit

Once the design was finalized for the fleld test units, seasing and signa’ processing
showed the sensitivity of the system to detect motion or pulses to be excellent, as we had
expected, but we were sometimss unable to differentiate between arterial pulses and some
oth~r signals. For example, rapid respiration, which can approach 20 to 860/ minute in
severely wounded casualties could not be differentiated from bradyeardias of 30 te 60
minute by signal processing, including power spectrum anaslysis. Other periodic mechanical
events which are of the same frequency as the heart rates of interest were sometimes trou-
blesome, also. Several man-months of effort were devoted in an atteinpt to improve the
system's rejection of these sign.ls. In sur opinion, additional refinement, if possible, would
require a major signal-processing effort. In order to remain on scheduie we had to proceed
with finalizing the design.
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PREFACE

This manual contains information needed for the operation and maintenance of a proto-
type system which provides a means for determiring the heart rate of a soldier at rest.
This system has the capability of monitoriug the status of a soldier at MOPP-4 without
touching the soldier or invading the soldier’s chemical defense ensemble. The instruc-
tions explain the installation, operation, and troubleshooting procedures which can be

performed without removing any device covers.



DESCRIPTION

System

The system consists of two components: the Personal Monitor Communirator (PMC)
which is worn on ‘he wrist (Figure 1) and the Hand Heid Monitor (HHM) which is car-
ried by the medic (Figure 2). The PMCs are units worn by soldiers being monitored.
Signals from the stainless steel electrodes in the wristband of each PMC are used to
determine the heart rate of the soldier and/or whether the soldier is moving. Radio
communication links allow the HHM to display the heart rate to medics who are located
ap 0 5 feet away. The system is operational under concitions of conventional or chem-
ical battlefield warfare at all levels up to and including MCPP-4. See Figure 3.

Personal Monitor Communicator

The PMC is composed of a rectanguiar box connected by wire leads to a wristband.
The wristband contains the tetrapolar dry-electrode impedance measuring plethysmo-
graph necessary for monitoring the soldier. The band wraps around the wrist of the
soldier and must, be in direct contact with the skin. The box contains a 2-way radio
link and a microprocessor. The unit is powered by batteries which fit in a compartment
on the side of the box. The box needs to be affixed to the forearm (left or right) of the
soldier. There is no need for the box to be in direct contact with the skin. The entire
PMC assembly can be worn under a chemical defense jacket or other clothing. See Fig-
ure 1.

Hand Held Monitor

The HHM consists of a single rectangular box with a removable antenna. Located on
the front face of the HHM are two switches (CN-OFF switch and ACTIVATE button)
and a display panel. The ON-OFF switch controls the power to the HHM. The
ACTIVATE button causes the HHM to gather information from a specified PMC. The
rectangular liquid crystal display (LCD) panel displays the status of the soldier being
monitored and the status of the PMC. An additional sw' . is located on the side of
the HHM nearest the ON-OFF switch. This switch turus »n the background light for
night time use of the LCD. Two battery compartments are located on the HIIM. The
battery compartment located on the top of the unit near the antenna provides power
for background lighting of the liqui.. crystal display. The battery compartment on the
bettom of the HHM is the main power supply. The bottom battery compartment cover
can be seen in Figure 3.

Fal




FIGURE |.  Personal monitor communicator.
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FIGURE 2. Handd held monitor.






INSTALLATION

Personal Monitor Communicator

The PMC requires two 1/2 A 3-volt lithium batteries for the unit to be operable. Tke
litkium batteries will supply approximately 12 hours of power to the PMC when the
PMC i in coatinuous use. When the PMC is in standby mode (not communicating
with an HHM), the batteries will last for 4 weeks.

The battery compartment is located on the side of the rectangular box. The compart-
ment cover can be removed by unscrewing the brass cover with anv coin or key. Insert
one battery at a time. The positive end (bump-end) of each battery must always be the
first end to enter the compartmeni. Replace the compartment cover. See Figure 4. Do
not over lighten the brass cover.

Hand Held Monitor

The HHM has a detachable antenna which connects to the BNC connector on lop of the
HHM. TLe antenna must be mounted when the HHM is in use. With the antenna, the
HHM can monitor a PMiC up to 5 feet away.

The HHM requires two 2/8 A $-volt lithsum batteries for the unit to be nperable and one
9-volt alkaline battery to provide backgfound lighting for the LCD. The lithium bat-
teries will supply approximately 12 hours of power to the HHM when the HHM is in
continuous use.

Insert the power supply batteries in the compartment on the bottom of the HHM unit.
Remove the compartment cover by unscrewing the brass cover with any coin or key.
Insert two 3-volt lithium batteries in this compartment. The positive end {bump-end)
of each battery must always be the first end to enter the compartment. Replace the
compartment cover.. See Figure 5. Do not over tighten the brass cover.

Background lighting for the L.CD is neceseary when the hand held monitor is used at
night or'in low light conditions. The 9-volt alkaline battery provides this lighting. To
install the battery, loosen the thumb screws on the compartment cover on the top of the
unit near the antenna. Swivel the cover away from the battery compartment. Attach
the 9-voit battery to the battery clip. insert the 9-volt battery into the compartment.
Replace the compartmert cover and tighten the thumb screws. See Figure 8.




Two 12 A 3-volt

lithium batteries

Insertion of PMC

FIGURE 4.

/

penver supply batteries.
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Two 2/3 A 3-voit
lithium batteries

FIGURL S, Insertion of HHM pewer supply batteries.
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alkaline battery

FIGURE 6. Insertion of HIA
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OPERATION

Querview

The function of the system is to determine the heart rate of a soldier and/or whether
the soldier is moving. The information is gathered from a personal monitor communi-
cator (PMC) worn by the soldier. The PX{C must be strapped on correctly and be worn
at least 10 to 20 minutes before the soldier can be accurately monitored. The PMC
must remain on the soldier as long as the soldier needs to be monitored. The hand held
monitor (HHM) provides a display of the heart rate information. The HHM operator is

" responsible for selecting the PMC to monitor and for understanding the information
displayed on the HHM.

Personal Monstor Communiecator

Proper monitoring of the soldier depends on the PMC. Carefully follow the instructions
given below. Give special attention to assure the wristband is strapped on correctly, as
shown in Figure 1.

1. Place the box and wristband on a flat surface with the box closest to you.
The box should be placed so both elastic straps are completely visible and lie
flat. The wristband should be open with the stainless steel electrodes exposed.

(4

Place the palm side of the wrist in the center of the wristband. The wrist-
band should be positioned in the same area as a wristwatch would be worn.
Be sure the palm side of the wrist is in contact with the metal electrodes.
Secure the wristband to the wrist with the Velcro closures. If fingers start to
"tingle,” loosen the band slightly. Figure 7 shows the position of the four
meta] electrodes on the wrist.

Note: If the wristband is applied too tightly, blood flow in the arm will be
reduced and the heart rate signal wiil be lost.

3. Place the reétangular box on the forearm between the wrist and the elbow.
Use the two elastic straps and the Velcro closures to secure the box at this
location. Make sure the straps are secure yet comfortable.

4. The PMC must remain on the wrist for 10 to 20 minutes befor2 accurate
results are possible.

Hand Held Monitor

The HHM: displays heart rate information for a soldier when the monitor is correctly
used. Follow the instriictions given in this section carefully.

Turn the HHM on by pressing the ON-OFF switch on the front of the HFIM to the ON
position. If no daylight or artificial light is present, press the button on the side of the
HHM to provide background lighting for the LCD.

13




FIGURC 7. Proper posuion of PAC clectrodes.
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The HHM indicates it is on by displaying the following message:

Hand Held
Monitor (HHM)

This message remains on the screen for only a few seconds.

The HHM then displays the following instructions:

Put HHM Near PMC
Press ACTIVATE

Hoid the back side of the HHM within 2 inches of the rectangular box of the PMC that
is to be monitored. See Figure 8. Leave the HHM in this location and briefly press and
release the ACTIVATE button oa the front of the HHM. The HHM displays the mes-
sage:

Attenmpting
PMC Activation

When the activate procedure works, the -JHM displays the message:

PMC ACTIVATED

The HHM can now be moved a few feet away from the PMC.




The HHM will attempt to communicate with the designated PMC and will display the
message:

Attempting PMC
Communication

When communication is established between the HHM and the PMC, the HHM begins
to display messages concerning the scldier’s status. If the sensed heart rate is reason-
abie, then the message:

Heart Rate #

where the character '#' is replaced by the soldier’s heart rate, appears.

Other messages that may occur during this phase of monitoring iaclude:

Low Pulse

or

Motion

Messages will be displayed approximately every 15 seconds after the PMC has been
activated. If motion is present, the heart rate may not be displayed.

Monitoring a new PMC may begin during any point of the :IHM operation. To monitor
a new PMC, hold the back side of the HHM approximately 2 inches above the rectangu-
lar box of the new PMC and press the ACTIVATE button. The HHM now ignores the
previously active PMC and monitors the newly selected PMC. More than one HIM
may monitor a single PMC.

18



Conditions may require the HHM software to make several attempts to activate the
selected PMC. The retransmission message:

Attempting
Retransmission

will appear on the screen until the procedure fails or the PMC is activated.

If the activate procedure fails, then the following message is displayed:

ERROR--Repeat
Activate Steps

and the activate procedure must be repeated.

After the PMC is activated, several attempts may be made by the HHM to communi-

cate with the PMC. During these atternpts, the following message will appear on the
LCD screen:

Attempting
Retransmission

This message indicates the HHM has not successfully prompted the activated PMC.

If the BHM is unable to establish communication with the PMC then the HHM displays
the message:

Lost
Communication

17
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After this message, the PMC must be re-activated so the HHM displays the message:

Put HHM Near PMC
Press ACTIVATE

If the message:

Check
Wrist Strap

appears, tben the PMC is not properly strapped to the soldier. The HHM will not be
able to determine the soldier’s status when this problem exists.

If the message:

Low PMC Battery

appears, then the batteries in the PMC unit are weak and must be replaced.

If the message:

Low HHM Battery

appears, then the batteries in the HHM unit are weak and must be replaced.

18



FIGURE 8. System activation.



STORAGE

Personal Monistor Communicator

Wipe the PMC off when it is removed irom the soldier’s arm. To censerve battery life,
remove the batteries from the PMC when it will not be used during the next 24 hour
period.

Hand Held Monitor

Turn the HHM off to disengage all radio frequencies. Do this by pressing the ON-OFF
switch on the face of the HHM to the OFF position. The LCD szreen is blank when the
HHM is turned off. Remove the batteries from the HHM when the unit will not be used
during the next 6 month period. Remember to empty the battery compartment located
on the top of the unit near the antenna and to empty the battery compartment on the
bottom side of the Ht{M.

20



THEORY

Heart rate can be measured by monitoring a peripheral pulse. One method of measur-
ing such a pulse is by implementing a plethysmograph. Four electrodes (referred to as a
tetrapolar electrode system) are placed around the wrist. As the circulatory system
pumps blood through the arteries at the wrist, the impedance changes at the electrodes
can be sensed by electronic circuitry. These changes are interpreted as pulses. This
method is easy to apply, is non-invasive and is only slightly affected by variations in
temperature and barometric pressure.

The wristband of the PMC coatains the four electrodes. The device functions properly
only when al! four electrodes are in full contact with the skin. The wrist impedance sig-
pal measured by the plethysmograph is connected to the A/D converter contained in
the microprocessor. The processor accesses a software algorithm to analyze the digital
signal and compute the heart rate. The resulting value is stored in memory. The real
time procese continuously updates the heart rate value while the PMC unit is activated.

The heart rate is displayed on the LCD of the HHM when a transmission link exists
between the HHM and the PMC. The transmission link 1s established when the HHM is
placed within 2 inches of a selected PMC and the ACTIVATE button of the HHM is
pressed. This action causes a coil in the HHM to induce a current in a coil in the PMC
which in turn activates the PMC. The PMC then begins the data collection and the
heart rate calculation. The heart rate is transmitted via a radio frequency transceiver
to the HHM and displayed on the LCD. The HHM conuinues to request information
from the selected PMC and the PMC continues to transmit updated heart rate informa-
tion until the HHM-PMC link is broken. A break cccurs when the HHM activates a
new PMC or when the HHM is turned off. All data collection and heart rate calcula-
tions occur automatically. No outside intervention is necessary.




TROUBLESHOOTING GUIDE

i Symptom Cause
|
No display on HHM battery compartment may be empty
the HHM screen HHM batteries may be dead

HHM unit may not be turned on (check ON-OFF switch)

No communication PMC battery compartment may be empty
between HHM and PMC | PMC batteries may be low or dead
HHM batteries may be low
HHM antenna may not be attaclLed
HHM may have been too far from PMC when
ACTIVATE button was pressed

CALIBRATION PROCEDURES

This section is not applicable to this manual.
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1. SCOPE

1.1 Scope. This specification establiishes the perforr ance, design, development, and
test requirements for the Personal Monitor and Communicator non-complex item.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown form a
part of this specification to the exient specified herein. In the event of conflict between
the documents refcrenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military
MIL-S-83490 Specifications, Types and Forms

STANDARDS
Military
MIL-STD-129F Marking For Shipment And Storage
MIL-STD-433A Configuration Management Practices For
Systems, Equipment, Munitions, and Computer
Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government Documents. This section is not applicable to this specification.

3. REQUIREMENTS

3.1 Item Definition. The Personal Monitor and Communicator provides a means of
remotely monitoring a soldier’'s medical status. The non-complex item is comprised of
the Personal Monitor Communicator (PMC) and the Hand Held Monitor (HHM). The
PMC is an electronic device worn around the wrist of a soldier. The HHM activates
PMCs and displays a soldier’s heart rate on an LCD display.
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3.2 PMC Characteristics.

3.2.1 PMC Performance. The PMC uses tetrapolar electrodes, which are mounted on a
wrist strap, to measure the AC impedance present at the wrist. The heart rate and
body motion of the soldier are extracted from the impedance signal through signal pro-
cessing techniques. Thkis information is transmitted via an RF digital transceiver upon
request. The PMC requires two 1/2 A 3-volt lithium batteries for the unit to be oper-
able. The lithium batteries will supply approximately 12 hours of power to the PMC
when the PMC is in continuous use. When the PMC is in standby mode (not communi-
cating with an HHM), the batteries will last for 4 weeks.

3.2.2 PMC Physieal Characteristics.

3.2.2.1 PMC Measurements. Each PMC unit, complete with batteries, weighs approxi-
mately 248 grams. See Figuie 1 and Figure 2 for the dimensional measurements of the
unit. '

3.2.2.2 PMC Protective Coating. The flat olive-drab polyurethane paint (by Pactra,
number 20123) serves as a protective coating. The unit has not been waterproofed.

3.2.2.3 PMC Storage Requirements. The two lithium batteries should be removed when
she PMC is stored.

3.2.2.4 PMC Batteries. Recommended batteries for the PMC are two Panasonic BR
1/3 A 3-volt lithium cells.

3.3 HHM Characteristics.

3.3.1 HHM Performance. The HHM activates 2 PMC worn by a soldier. The monitor
then repeatedly requests and displays *he soldier's Leart rate upon an LCD display.
The communication process continues until the HIIM activates a new PMC or the HHM
is turned off. The HHM requires two 2,3 A 3-volt lithium batteries for the unit to be
operable and one 9-volt alkaline battery to provide background lighting for the LCD.
The lithium batteries will supply approximately 12 hours of power to the HHM when
the HHM is in continuous use. The alkaline battery will supply approximately 4 hours
of backlighting.

fol)
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3.3.2 HHM Physical Characteristics.

3.3.2.1 HHM Measurements. Each HHM unit, complete with batteries and antenna,
weighs approximately 921 grams. See Figure 3 for the dimensional measurements of the
unit.

3.3.2.2 HHM Protective Coating. The flat olive-drab polyurethane paint (by Pactra,
number 20123) serves as a protective coating. The unit has not been waterproofed.

3.3.2.3 HHM Storage Requirements. The three batteries {two lithium and one alkaline)
should be removed when the HHM is stored.

3.3.2.4 AHM Batteries. Recommended batteries for the HHM are two Panasonic BR
2/3 A 3-volt lithium cells and one 9-volt alkaline cell.

4. QUALITY ASSURANCE PROVISIONS
4.1 General.

4.1.1 Responsibility For Inspection. Unless otherwise specified in the contract or orde,
the supplier is responsible for the performance of all inspection requirements as specified
herein. Except as otherwise specified, the supplier may utilize his own facilities or any
commercial laboratory acceptable to the contracting agency. The contracting agency
reserves the right to perform any of the inspectinns set forth in the specification where
such inspections are decemed necessary to assure supplies and services conform to
prescribed requirements.

4.1.2 Special Tests And Eramsnations. This section is not applicable to this
specification.

[
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4.2 Quality Conformance Inspection. Before testing the Personal Monitor and Com-
municator, install two lithium batteries {1/2 A 3 Volt) in a PMC unit, install two
lithium batteries (2/3 A 3 Volt) in the bottom compartment of a HHM unit and install
a 9 volt alkaline battery in the top compartment of the HHM unit. Then attach an
antenna to the HHM. Begin testing the operation of the devices by switching the HHM
power to the ON position. Press the switch on the side of the HHM to verify backlight-
ing is being provided to the LCD display of the HHM. Activate the PMC with the
HHM to confirm communication exists betweez the HHM and the PMC. At the end of
the test session turn the HHM off. Remove the two batteries from the PMC and the
thr e batteries from the HHM before storing the units.

5. PREPARATION FOR DELIVERY

5.1 General. The batteries must be removed from all PMC and HHM units before the
units are packed {or shipping. In addition, the antennas must be removed from all the
HHM units. The PMC and HHM units shall then be securely packed in corrugated
cardboard boxes. Avoid exposing the box to extreme heat, extreme cold, or submersion.

5.2 Specific Requirements. Each PMC and HHM unit shall be placed in an individual
anti-static foil wrap. Then the units and the HHM antennas shall be placed in a sturdy
corrugated cardboard box. Plastic bubble wrap will protect the units and antennas.
The batteries shall be placed in boxes provided by the battery suppliers. These boxes
shall then be packed in the cardboard box.

5.3 Detasled Preparation.

5.3.1 Preservation And Packaging. All batteries must be removed from the PMC and
HHM units before the units can be packed for shipping. Remove the two lithium bat-
teries from the PMC, and remove the two lithium batteries and the alkaline battery
from the HHM. Place all lithium batteries in the lithium box provided by the manufac-
turer, Place the alkaline batteries in the box provided by the manufacturer. All anten-
nas must be removed from the HHM units before the HHMs can be packed. Inspect the
units to assure they are clean and dry. The units shall than be placed in anti-static foil
wrap. The batteries shall be stored in their own boxes. Plastic bubble wrap shall be
placed around all PMC and HHM units and all HHM antennas to prevent any shifting
during shipping.
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5.3.2 Packing. Sturdy corrugated cardboard boxes shail be used and no additional
bracing will be necessary. If there is any possibility the box will become submerged in
water, then waterproofing of the box shall become necessary.

5.3.3 Marking For Shipment. The boxes containing the PMC and FHM units shall
have the markings "FRAGILE" and "ELECTRONIC EQUIPMENT."

6. NOTES

6.1 Inteded Use. This specification is to be used to establish the performance, design,

development, and test requirements for the Personal Monitor and Communicator non-
complex item.




100~PMC— 1989
9/10/89

:l ’-F\ @
D © T
|
4.930C
) © Q
L J \@ LM w. @J
~— 1.1300 f—— 2.7000 ——=

FIGURE 1. PMC dimensional mensurements.



100-PMC~ 1988

9/10/89

w 4
L
— CZo.sooo
0.9000 ‘F'
_+ (102500
0.9000 1 5.0000
© —t -
0.9000
—L O

r.
U
2
¥

FIGURE 2. PMC wriststrap dinmwnsional measurements.

10




100-PMC-1989
S/10/89

— % =
) (- ) }
°
o
o ACTIVATE DoN d
o ©0 oDo
o o ) €.3000 ({1@__©
aFF
!o - |
o o -
F 4.2590 ~ 1.5500 =

1.5100

FIGURE 3. HHM dimensional med.sunmnts.

11



SPECIFICATIONS,
TYPE B

FOR THE

PERSONAL MONITOR AND COMMUNICATOR (PMC)

CONTRACT NO. DAMD17-87-C-7195
CDRL SEQUENCE NO. A004

9 October 1989

Prepared for:

Department of the Army
U.S. Army Medical Research Acquisition Activity
Fort Detrick
Frederick, MD

Prepared by:

Institute for Interdisciplinary Engineering Studies
William A. Hillenbrand Biomedical Engineering Center
Purdue University
West Lafayette, In 47907

-




A004

See sections
A005 SOFTWARE REQUIREMENTS SPECIFICATIONS
and

A008 INTERFACE REQUIREMENTS SPECIFICATIONS



< PART I OF TWO PARTS

SOFTWARE REQUIREMENTS SPECIFICATION
FOR THE

PERSONAL MONITOR AND COMMUNICATOR (PMC)

CONTRACT NO. DAMD17-87-C-7195
CDRL SEQUENCE NO. A005

9 October 1989

Prepared for:

Department of the Army
U.S. Army Medical Research Acquisition Activity
Fort Detrick
Frederick, MD

Prepared by:

Institute for Interdisciplinary Engineering Studies
Wiiliam A. Hillenbrand Biomedical Engineering Center
Purdue University
West Lafayette, In 47907




A005

CONTENTS
Paragraph Page
1. SCOPE ittt eeree st essrase s e s st a e bt t e aese s st aae e s sne s e er e e beessnnnanareenares 7
1.1 IdentifiCAION euvireeereeeeieiiiiecreiecstreceeresesssecsessecssenneneesssanteeasssnressussesnssnsrasnanaanes 7
1.2 PUIDOSE cociiiiiciitnrctttrre et te e tre s baae e e e s s e s snes s s s s ssssesnanes 7
1.3 INtrOAUCEION 1erreriiereerenniiririeectreseerrneesesannnseereraersensransrrreessssnasssseraneersssnnsssasnne 7
2. APPLICABLE DOCUMENTS ciiittitieieriisenatiesssesssssenneeseassssasesisessssssnssensessssssssnns 7
2.1 Government DOCUMENLS......ccvvreeeieeceteeteanenssreesiorsnrinseessessnresssersssonnsassasesseseas 7
2.2 Non-Government DOCUMENLS cccveeiiiireeiieeees crrrrrraereessnnrencresssssesessssssensassesssane 7
3 REQUIREMENT S . erteeieiitiiectisisienssssssssssessscssosconnasssssssasssssassssasanssnsennsnsrasss sune 8
3.1 Programming RequUirements...ccccccveeiiiieiiitneiiiiiinisnnniinssniesssisserenensenarassessenns 8
3.1.1 Programming Language(s) ............. rereteetee e sttt se st e s s e en e saaseneraes 8
3.1.2 Compiler;/ ASSEmMbIEr ....uuevieiirienrereeeniiiinieereeieicisreeccrsrsareeaesesassessersrnssesenes 8
3.1.3 Programming Standards ...eccceciiiiiinireniiiiineiiieeciinnne e srennseseenens 8
3.2 Design Requirements......cccciiiiiiiieeinioniiiceineiiiiiiieiieriecnsntinsniesssesaesesssssnsssnnnes 8
3.2.1 Sizing and Timing Requirements .....ccveeiiiriiiiiionicnnunrennncseirecrnnnesessenenes 8
3.2.2 Design Standards .......ccccieiiiiiiiiieniieiniininicinmisinnnenienisosieesssssssssassses 9
3.2.3 Design Constraints....ccciiiiiieeeiisiinererinieiisieismnmseiisnmnereessisesensassssssascassens 9
3.3 Interface ReqUiremMents......cccieeiieierereetnrerererererereneissessrersesreressssnnssssassassessesses 9
3.3.1 Interface Relationships..ccccrivreierrinmeeiirrenrinrriesserranrsnsiesseessnsrensessaressenans 9
3.3.2 Interface Icentification and Documentation .cccciieeccnirnrirrieneiieenecencseennanns 9
3.3.3 Detailed Interfice RequUiremMents .o icivieiiciiiienrnrcrnoresseesreneesrrassseeensasaone 9
3.3.3.1 CSCl-to~CSCI Interface Requirements. .o ceeccveeenrevinecernunnreceesnnnenes 9
3.3.3.2 CSCl-to-HWCI cr Critical Item Requirements......ccveeecrriinrerenenennnns 9
3.3.3.2.1 Wrist Impedance Circuit Inu rfaces...cccvvvicciiveererivcerrrecnrerreeennns 9
3.3.3.2.2 Proximity Receiver Interface.....cocoveuiiiiivcirnincncnrerenniecmnenecienens 10
3.3.3.2.3 Voltage Reference Interface ......cccverviiviriirenrorirenrecnrrenicreieneensnnes 10
3.3.3.2.4 Digital RF Transceiver Interfaces .....ocovverireiiveierrrrneirerencscecerennns 10
3.3.3.2.5 Real Time Clock Interface ....cooviiviiiiiiiiiririrrneenereeeeecrnennaserenens 11
34 Detailed Functional and Performance Requirements......cccccvveiveiveccrcenncennnnns 12
3.4.1 Power Up Initialization FURCtiON ccvovvieiiiiciininircceiiinnennienerenineseeeesssanenes 12
3.4.1.1 IO PULS ettt e crrrcre e e s ee et aeeessersssnreeseseeseeesennrb b easeaeeenera 12
3.4.1.2 ProCesSing ooiiiiriiiieiirrrenvis ettt e crrereseesse s snsrsessnnn e e v e nnasseaaarenen 12
3.4.1.3 OULPULE ittt iiireene i ivtnanerssttnsstirsrerasossrsnsssseseranen raressenserastesseessrriree 12



Paragraph

3.4.2
3.4.2.1
3.4.2.2
3.4.2.3
3.4.3
3.4.3.1
3.4.3.2
3.4.3.3
3.4.4
3.4.4.1
3.4.4.1.1
3.4.4.1.2
3.4.4.1.3
3.4.4.2
3.4.4.2.1
3.4.4.2.2
3.4 123
3.4.5
3.4.5.1
3.4.5.1.1
3.4.5.1.2
3.4.5.1.3
3.4.5.2
3.4.5.2.1
3.4.5.2.2
3.4.5.2.3
3.4.8
3.4.6.1
3.4.86.2
3.4.6.3
3.4.7
3.4.7.1
34.7.1.1
3.4.7.1.2
3.4.7.1.3

A005

CONTENTS - continued

Page
Main Monitor FUBCtIOn cioiiieiiireeeerreeerenieiierisssoseseiesesssesssssorsssssssssensssasans 13
)38 o108 X TR TR 13
PrOCESSINE cecovsreeercsarereirsanseresssssssrnessossisnessssonsesessssaresssssasesassssnanss wenel3
OULPULS ceevererressressrsssrsesasssersnsssssersosses ssssssssossensenes 14
Proximity Interrupt Function....ccoseennnes veceransssessessssnassetan cecescesaseneanes w14
IRPULS.cceeeticcrinciiisccsssseariosensassnessanssssisssen cossssenesse 14
Processing ......... 14
Outputs..ceueeeeeciensrreaseceeescrsanes ceressane .13
Clock Interrupt Function ...eceeeecnees areensessesnaene 15
Time Keeping Function....ccveeiereeeriaceas ceesetnantessassoses cossesosessens NS 1.1
INPULS cectrricicrensecnnecsnnseconssssosennseas ceraresasassasace cearsssaeneces veseereees 15
Processing......cccenvrvnvnennianenss reeersessestesteasisssrsrsattastississssesnararerense 15
OULPULS.ceeceeeiiiensriisiescsseerensessasnassssnrnenssssnnecn cesesaneen ceeeesseseonase .15
A/D Conversion Function ...c.cceeeeriuncesecrane. seseeessesessssiessnaresssnnsisasans 18
Inputs .ccooeevrianns cessssones reeeresesseereatiaseeseserseresssesssrsrsarassanssrsraseras .16
ProOCeSSINg ..cvererresssccrssseerersssnassssssssscsssanssoasssssssossnnsnanasass cesensesees 1B
- Qutputs..... eressrsasesae reesasientetttarttestestsetestsssteess sassaseasaras 16
Serial Receive Interrupt Function.....ccccenereee eesereesssenssratsaranes cecennene SR I 4
Packet Construction Funetion ....cueeeeeeens tereeesansnuretteessssenennenannes ceenel?
INPULS coeiitieriiicsissierennreressasssteanmrerssorssiossssansrnsesessiananssrasssreess veenal?
Processing ueieninenceneians crsrraresassserane ertteevserrtesassransanas cervoruasenese 17
OULPULS. e eereiicritssnntnirecssessesssoresersestssnssssesrasanssascsssssssssssson coeneenn 17
Input Packet Processing Function........... eeterssesserattressssessosassrsrsass w17
Inputs .coeevierceieciinens vessreantrracssens cocsnesanas coesenresensteetresassnresnenasen veel8
Processing....... drsesstessorsnisnrestasssusnesses eeeeraresssersseesans cevee ereens w18
OULPULS. . ovcrenrrernereireseevensanannnens eretteserrressrsensnnsrrsrrrrsnressennessns 18
Get Data Function ....... vecrnsanes eeresreeereasrettrrntes eeererertrrsansriasrierattnsararase .18
Inputs......... PN eveevee ereesenesneenterarersanatisansnnsactetratarseseasestaneanane 18
Processing .oooceverercierenernencarsenes ceneenrsesetane crereserees eetssterntensennas veerneans w19
Outputs........... evernertusenseres errrrrrersesensennes Cenerernereeressareteestitretarnaseenans 19
Get Rates Function .cccceeeeeevsnecenenens corasennne cesetesresssssnsersnans cerersens corvnenenanild
Preprocessor Function...ciiiicrenisscnseeercressessssnnersersccssssnssnsesssessassess 19
Inputs ..cceenene. errersrsenrresnrannesestanane veeretae teeeruariereresrrrsesrarasnaeas veennsl9
Processing .....ccevvrcereersinnrerenirenniererens eeceurens ereenvesesasesare ceresennessesl®
Outputs.......... reserentieesssestesturnreisaseren evereue-sestresroses crerevertens veerene 20

r

i




A005

CONTENTS - continued

Paragraph Puge
3.4.7.2 Heart Rate Calculations Funciion couuevvvcievcericeeeeeieiieeecieeeeeene 20
3.4.7.2.1 [BPULS oottt rrttriscrr et esesasesssscasrenrasseeernresnrensessasasssnnes 20
3.4.7.2.2 Processing ..cuueeeciiiieiiiimiiicneiiiitiereirrrenneerinrereereesereres s eeesasesanns 20
3.4.7.2.3 10174 4118 4. TSSO R 21
3.4.8 Transmit Function .oovevvvcevereeiciienieneecenecsinns veee reeeessnees st aanereas e st sanranenes 21
3.4.8.1 65101 2 TR trenrestecessransssanssssnssnsssasessnsnsntenass 21
3.4.8.2 Processing ....cccoccveveneececrsnrrnnrnnanes terese cessesertasserenssttenesenseaaseaseenrreen .21
3.4.8.3 OULPULB.cereneierriccnrinsrasasessein seees . seereeeiene craesraseessnsasttenssessnnsenansss 22
3.5 Adaptation Requirements.......cccoevvreruvvnnnennennnnn. eeessansrsnnressernarsrnesessesnsassraeis 22
3.5.1 System Environment................. ceresseseennrenens eeetener  saesreserenraraees be cererene 22
3.52 System Parameters...ccccceeeeeeeceennniancnnns Ceeeerstret et raatr et e arnanreaenrennarseraes 2
3.5.3 System CapaCities...coovveciorecrrriiiriiierereeerareeeressrssasuecsssssnsessansens rorensasessesses 22
3.8 Quality Factors.....ccoeeiniiiiiciiicenenieninnnnenennen teresreeererserssrannsanarsarsesssssseresisttrante 2
3.8.1 Correctness Requirements ...cccccceeceeeeennniconerennnns tesesessiteettnavaaenesrrrnsarerenne 22
3.8.2 Reliability Requirements.......ccceeevveneens . ersaresas reresssisrnraraentereanianaaneants 22
3.6.3 Efficiency Requirements ................... crtrreeens Ceesttretaeretntiereertenanasertensarinene 22
3.8.4 Integrity Requirements.......cccoeeverennne eveesessasnane ersnesrenrteieraiseasetttananesnans 22
3.8.5 Usability Requirements.......... eeteeterenestsattreresssstessrrrnneran revsenesesrereruaranes 22
3.8.6 Maintainability Requirements .....ccccccveerviinnennaneen. reesrerenreieenennranne crevrenes 23
3.6.7 Testability ReqUirements...cccvccruieieeeeiirrerrirrerecinneeeerreesecesssnesesasnassnnns 23
3.8.8 Flexibility Requirements.........coveeereeenn vesereraeeene ceetrreesetterareentesasiaranaraas 23
3.8.9 Portability Requirements .......c.ccceeueeen. vesrenen cereens reretessessenestntasererrans 2
3.8.10 Reusability Requirements .....c...ceeeeveiivrerreneennnnne. vererenenne raseserreseerenarenes 23
3.6.11 Interoperability RequUIremMents ....c.ivieeereeririnneriicneneneercesnsnerensssssessnnenens 23
3.8.12 Additional Quality Factor Requirements......... Certteseesattte s enenanananna 23
3.7 CSCI BUPPOLL .eecirres crerricciieiie vt e e trererereteeeentarearnarntereanarnnes 23
3.71 Facility Requirerents......cccccoiniiiniiiiceiininennnn.. Cersiiesisasessenans ssusssaensrrsie 23
3.7.2 Equipment Requirements ....... ereerreenreanee veerenren Crereentareratanssert et aetanesaes 23
3.7.3 Software Requirements........... teerrreseenernesaserrerens tresaurerasrerearereeranerannneane 24
3.7.4 Personnel Requirements ......... Cerrreeiseeenaenens et et eeaeanr s et st s s ns 24
3.8 Traceability ........ cerreree tererrenrerertane crevrrererees vesreres eeerteersrerions erreerrrestettaranranene 24
4. QUALIFICATION REQUIREMENTS...cccccvvvennee. e erreseeeererense- eaeasersansrsnraraaeres 24
4.1 General Qualification Requirements .........cccovvvvreeirecreeennn. e eeeserresserenuereran 24

4.2 Special Qualification Requirements....................... veseresesssesnonaanes terrerrenannacane 24



A005

CONTENTS - continued

Paragraph Page
5. PREFARATION FOR DELIVERY iiiiiiieiiinnnniiniiiireiieeieeereesesscsssesssssnsesnnassecssens 25
5.1 Preparation FOr Delivery ... it ccccesrsencresnssessesens 25
6. NOTES o eeiiiiiiiiiiriieeteettiiieiscsssisssseresssrarsssssssssssssssnsensesssssssrnssrasessssssssssssssnsossases 25
6.1 ACTONYINIS tttctreciersrinsiscsssaiusrestrssessnssssesssnseesssssrosssansosseossasasssosssossssssoasssassosasss 25
FIGURES
Figure Page
1. Interface block diagram..uciiciiiiiiiiinicrssrrnnineeneeniiiierieceeeeessrersersssssesssessesssnes 26
2. Function block diagram ..iiciiiiiiiiiiiicrnvrcrsniieeeeeiieneiiiieieniieiiessresssssnsnssssssssesenns 27
3. Function main monitor Sowehart...ccccuvrineerenererreiriireinieieerrieeeeeesssesresscsnenens 28
4. Function packet construction finite state machine .....cccccvvvreecrrreeeecccccnrenee. 29
5. Function input packet processing JOWChAart occcvveeeeeervererrerrnreeensenenreseeeernnees 30
6. Function preprocessor JOWCRArt......cicvccrceerceicisrrertererssssssnnsserescssssssssecesssnsans 31
7. Function heart rate OWCRATIt .uviivceiiereecrrercerererreniisieeeeienisisssnnescessrssnsssessens 32
8. PMC heart rate versus hand calculated heart rate,
Brst databDase cocveveiiiiiiiiiicrretieeircrrrreccscrnreeeesce s ennterees e saseressesnatenresssssnnres 66
9. Error histogram, first database .evvveieeeemcecicecrunrieaserseseessssssesssesssesnnesnessssees 67
10. PMC heart rate versus hand calculated heart rate,
SECONA dALADASE .iivvteeiiiiiiiiiiicatrrernreerereeesssneressrcesessnionsenssssssrassosesssrenersesses 68
11. Error histogram, second database......eueeeviecieeereeesicensiessesseseosscenssnesssasssessas 69
TABLES
Table Page
1. Iuterface identification/documentation ......ciccveeeereirervereresneseeresressersenneseenns 34
2. Interface SUMMArY ...occvciervrevnenenieenreesreeiessneseosesssnssesssseesnes teeserettttieeeateraaes 35
3. Request for soldier status (CSS) fOrmat ..cececrerreersrensccrerneneniseseccsussenenesnsnsennes 36
4. PMC pesitive acknowledge (PPA) format..ccccmeemeciecsccennnenscscnnsssscscncsennes 37
5. PMC soldier status {PSS) format ....c..coeueererverreesnnns eeeeessrbenerres st saes 38
8. Function power up initialization iNPUt...cciveeeriissrirriricrsresresseresressersessansnne 39



Table

Tl

[ S I SR N VA )
@(D‘JO:SJ\.&

Appendix

10.

20.

A005

CONTENTS - continued

TAELES
Page
Function power up initialization outputbe.cciceeeeeercerrieereieeiecccreeeeeeccnee e 40
Functicn main monitor input...cccevvveciiiiricciriiiisinsnneniecseccnne. SO & |
Function main monitor output......ccecerveeriirrecnes veraerecnaraanens reereteeesessasnrnnsesens 44
Function proximity interrupt iDPUb..ccccccciieiiecericereennnereeieessneseeeescsosennes -1
Function proximity interrupt output...ccceeereerereecerenconns ceeraseiaeenes esasnes veeend B
Function time keeping input ....ccccevveciunnnnns ressenseseesantesenes ceressereesietneseas - Y |
Function time keeping output ....ccceceevnneee ceeeeresessssnreanenenes cecserssnsnne creenenssens ..48
Function A/D conversion iNPUb....cccccceeeiieivceciimsuicsncecresseeeresrnessssasnessssssees 49
Function A/D conversion outpub...cccciriccrreiriiuiieccircssencenessneneessreesesesseens 50
Function packet construction input.....cccceeveeiecnniereennesveneerccnsannenes crareneeesnniiens 51
Function packet construction OULPUL..ccveeeiiieiiririiiiiecinteereeerneeereesernnnnenes 52
Function input packet processing Inpub.u..ccccccciriieiceiieeiiiiieereerecreeeeenuesssosenns 53
Function input packet processing output ...cceceevveiiricreciiiierieeerereeenssrnneneenes 34
Function get data inputbe..ccccieiiiineeeceiirnerienssccrenscneencncenee cersrenreseeneraneseonas 55
Function get data output ...ccoouvuvrernnnne. eereesseresannantssesesssssannenasannas recsrsesasnens 56
Function preprocessor iNPUL...c.ccvcevereeiiiiiirrirerserstecrnnresssiensenessensnnsuessesssssnes 57
Function preprocessor outputb...ccceeeeereeeeerneeraeeenes ereernnerareriestatsasssnnsansiessannes 58
Function heart rate calculation INPuUt.icceiiiiiiiiiieiiiiiiereee e 59
Function heart rate calculation outpUb.ccciiiiiiiieiiiiiiiiiinienerecceeeeceessssiecreneneenes 60
Function transmit input...cceicerviveneereerriennnnnnne teesseereeressacas treresecsssenntrnneesnseans 81
Function transmit OULPUL .ceecreiiiiiiiiiiiiiiiiiieeeeercecee e neaeeesseecseeae eresseressssnrensns 62
Heart rate codes.......cvuiiiimuueererireeniiienninrenieniueenen. cerenensanns cosrenasens ceeenseanaes .83
ACTODNYM SMINUINALY cuvurrniineeenrecrnecrarersassmsassecnsossssesannses eetetetrsractsnttnnsenanrarens 64
APPENDIXES
Page
Appendix [
PMC Heart Rate Processing Test .....ccccervveerrreireesinnieesereseessrressessssssesssesssses 65

Appendix II
PMC Source Code ...ccceiivviivcrerriiieieriieeeireereeeeeeseseesssesessnsens eerrsserecsnesarasanns .70



A005

1. SCOPE

1.1 Identification. This Software Requirements Specification establishes the require-
ments for the CSCI identified as Personal Monitor Communicator Software, PMC-
CSCI.1, of the Personal Monitor and Communicator (PMC), PMC-SYS.1, System.

1.2 Purpose. The Personal Monitor and Communicator System provides a means of
remotely monitoring the heart rate and body motion of a soldier. The PMC-CSCIL.1
drives the personal monitor communicator which consists of an electronic device worn
around the wrist of the soldier. The unit consists of tetrapolar electrodes, a 2-way radio
link and a microprocessor-based signal processor. The software collects and processes
analog signals received from the electrodes and transmits the processed data when
prompted.

1.3 Introductson. This document provides detailed and complete specifications of the
software developed to drive the personal monitor communicator unit of the Personal
Monitor and Communicator System.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown form a
part of this specification to the extent specified herein. In the event of conflict between
the documents referenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATICNS
Military
MIL-S-83490 Specil:ations, Types and Forms

STANDARDS
Military
DOD-STD-2167 Defense System Software Development
MIL-STD-483A Configuration Management Practices For
Systems, Equipment, Munitions, and Computer
Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government Documents. The following documents of the exact issue shown
form a part of tkis specification to the extent specified herein. In the event of conflict
between the documents referenced herein and the contents of this specification, the
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‘contents of this specification shall be considered a superseding requirement.

OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.
Digital Signal Processing
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Larruage
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1978

Introl C MS-DOS Host Guide Version 1.0
Introl Corporation, Milwaukee, W1, 1987

Motorola Semiconductor Technical Data
Advance Information for the MC6SHC11A8
HCMOS Single-Chip Microcomputer

Order number MC68HC11A8/D

Programmer’s Reference Manual
M68HC11 HCMOS Single-Chip Microcomputer
Order number M6S8HC11PM/AD

3. REQUIREMENTS

3.1 Programming Requirements.

3.1.1 Programming Languages. Two programmiug languages are implemented for this
CSCI. The languages are C and Motorola 68HC!1 assembler.

3.1.2 Comptler/Assemblzsr. The C compiler is written by Introl Corporation and is ver-
sion C-11 of tbhe Introl-C Cross-Compiier Systems series.

3.1.3 Programming Standards. Structured programming techniques are followed.
3.2 Design Requirements.
3.2.1 Sizing and Timing Requirements. The CSCI uses all of the available 8K bytes of

memory provided by the RAM. In addition, the CSCI currently uses 8585 bytes of the
16K bytes supplied by the PROM. Approximatelv four kilobytes of memory remain in
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the PROM for expansions and improvements. The CSCI processes incoming A/D data
at a rate of 25 samples/second. Ten seconds are required for data acquisition and 5
seconds are necessary for soldier evaluation. The CSCI also processes incoming serial
communication data at a data rate of 300 baud.

3.2.2 Design Standards. Development of this CSCI follows the design standards of the
Hillenbrand Biomedical Engineering Center.

3.2.3 Design Constrasnts. Several constraints are encounter:] by using the 68HC11
microcomputer. The FFT required for signal processing must implement integer math
and the memory is limited.

3.3 Interface Requirements.
3.3.1 Interface Relationships. See interface block diagram (Figure 1).

3.3.2 Interface Identification and Documentation. See interface identification table
(Table 1).

3.3.3 Detailed Interface Requirements.

3.3.3.1 CSCI-to-CSCI Interface Requirements. This section is not applicable to this
specification.

3.3.3.2 CSCI-to-HWCI or Critical Item Requirements.

3.3.3.2.1 Wrist Impedance Circust Interfaces.
a. Signal Direction. See interface table (Table 2).

b. Signal Format. The wrist impedance signal interface (WZCA IF) transmits an
A/D sigual. The off-wrist signal interface (WZCB IF) transmits an 8 bit
number ranging from 0 to 255. A signal with a value of 0 indicates 0 volts d¢
and a signal with a value of 255 indicates 4.5 to 8 volts de. The power signal
interface (WZCC IF) sends a digital output bit (1 = on) to power the wrist
impedance circuit. This output bit is bit 4 of Port A of the 68HC11.

c. Memory Buffer And Location. The WZCA interface requires two memory
buffers. The first buffer consists of 500 bytes located at variable name “pbuf.”
The second buffer has 2 bytes located at variable name "npbuf.”

d.  Transfer Protocol. A value of 0x10 (Ox indicates the number to follow is hexa-
decimal) is sent to the A/D contro! register, HI1IADCTL. When bit 7 of the
register goes high (1) register H11ADR1 will contain wrist impedance
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A0GCS5

information and register H11ADR2 will contain off-wrist information.
Instiation Condition. See interface table (Table 2).
Priority Level. This section is not applicable to this interface.

Ezpected Response. See interface table (Table 2).

PRC Interface.
Signal Direction. See interface table (Tabl> 2).

Signal Format. When the proximity receiver is activated by the HHM, an
active low digital signal is transmitted to the interrupt line (IRQ bar) of the
68HC11.

Memory Buffer And Location. The interface requires enough memory to
accommodate the stack space necessary to handle the interrupt signal sent
from the proximity receiver to the CSCI.1.

Transfer Protocol. An asynchronous interrupt is used by the proximity
receiver to communicate to the CSCI.1.

Initiation Condition. See interface table (Tuble 2).
Priority Level. This section is not applicable to this interface.

Ezpected Response. See interface table (Table 2).

Voltage Reference Interface.
Signal Direction. See interface table (Tatle 2).

Signal Format. The sigual will have a numerica! value in the range of 0 to
255. Signals with values greater than or equal to 88 indicate the HHM bat-
teries are low (< 4.5 volts).

Memory Buffer And Location. This section is not applicable to this interface.

T'ransfer Protocol. A value of 0x10 is written to the A/D control register,
H11ADCTL. When bit 7 of the register goes high (1) register H11ADR3 is
read to determine the voltage level of the HHM batteries.

Initiation Conditior.. See interface table (Table 2).
Priority Level. This section is not applicable to this interface.

Ezpected Response. See interface table (Table 2).

Digital RF 1'ranscetver Interfaces.
Signal Direction. See interface table (Table 2).

Signal Format. The tradsmit data interface (IF DRTA) is capable of sending
two messages. The formats of the transmission of the PMC positive ack-
nowledge (PPA) and PMC soldier status (PSS) are shown in tables 4 and 5.

10
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The receive data interface (IF DRTB) can receive one message. The format
for the request for soldier status (CSS) message is given in table 3.

Memory Bujfer And Location. The memory buffer necessary for the digital RF
transceiver consists of two 200-byte output buffers, "tpakbuf” and "pkmess,"
and one 10 x 30 byte input buffer, "pkbuf."

Transfer Protocol. Serial communication is used in both the transmit and
receive data protocols. To transmit a message, the serial communication
status register, H11SCSR, is polled until the transmitter-ready bit goes high
(1). The ckaracter to be transmitted is then written to the serial communica-
tion data register, HI1ISCDR. To receive a message, the serial communication
receiver interrupts the processor when a character ig received. The interrupt
routine implements a finite state machine to recognize valid packets.

Instiagtion Condstion. Table 2 indicates general conditions for the initiation of
all three signals pertaining to the digital RF transceiver interface. The DRTA
interface can send two messages, the PPA message and the PSS message,
which the digital RF transceiver will broadcast to the HHM. The PPA mes-
sage verifies the PMC has beea activated and the PSS message transmits the
status information. The DRTB interface receives one message, the CSS mes-
sage. This message requests the PMC to transmit status information.

Priority Level. The receive data has the highest priority.

Ezpecied Response. Table 2 shows the expected responses for all three signals.
The receive data interface (DRTB IF) is the only interace with timing restric-
tions. A character received at the DRTB interface causes an iuterrupt to be
sent to CSCI.1 when the character is being processed. The maximum response
time per character is approximately 1/30 second which is the time necessary
for character transmission at 300 baud. If incoming characters are not
responded to in time, then the receive character buffer will be overrun causing
the character to be lost. The message will need to be retransmitted. This is
not fatal unless characters are lost in every packet.

Real Time Clock Interface.
Signal Direction. See interface table (Table 2).

Signal Format. The sigral i3 an interrupt that is emitted every 20 mil-
liseconds.

Memory Buffer And Location. Thic section is not applicable to this interface.
Transfer Protocol. This section is not applicable to this interface.
Initiation Condition. See interface table (Table 2).

Priority Level. This section is not applicable to this interface.

11
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Ezpected Response. Table 2 shows the signal causes an internal interrupt at
50 Hertz. The interrupts generated are necessary for the A/D conversions, the
battery voltage checks, and for functions with elapsed time counters and
countdown timers.

3.4 Detasled Functional and Performance Requirements.

3.4.1 Power Up Instialization Function.

3.4.1.1 Inputs. The function kas 1 input which is the power up reset. The reset serves
as a hardware and software initialization. See the table for the power up function input
(Table 8) for additional information.

3.4.1.2 Processing.

a.

Intent. This function initializes the 68HC11 microcomputer hardware, the
interrupt vectors, and the program variables.

Parameters Affected. No parameters are affected by this function.

Sequence and Timing. The eight independent initializations in this function
are described as follows. All program variables are assigned values of zero.
The down counter is assigned the value stored in the constant "EVALTIME."
The routine "key" turns off the key line to the transmitter as soon as possible
since the *nitial hardware power-up causes the transmitter to be keyed. The
routine "pkclear” initializes the packet-receiving finite state machine. Routine
"int_setup” initializes the interrupt vectors for the interrupt routines OC1INT,
INTINT, COPINT, and SCIINT. The routine also initializes the output com-
pare to 1, and enables the timer interrupt. Routine "tty_setup” sets the serial
interface for one start bit and eight data bits (H11SCCR1 = 0), enables the
transmitter, receiver, and receiver interrupt (HI1§ZCR2 = 2C), and seus the
baud register for 300 baud (H11BAUD = 0x35). The routine "adon” turns on
the A/D converiar. The routine "stop_enable” cnables the HC6811 STOP (low
power standby mode) instruction.

Error Detection and Recovery. This function contains no error detection and
recovery software.

Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.1.3 Outputs. This function has 23 initialized outputs. The buffer and stack indexes

L1 Y "on
pin, pou

t," "S1," "S2," and "S3" are cleared. The flag "adflag” is set to 1 to show the

12
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A/D converter is enabled and the flag “adnow" is set to 0 to indicate an A/D conversion
is not in progress. The flag "daemonflag” is cleared to show no packets are being pro-
cessed. The flags "evilag,” "proxflag,” and "req 's'"are all set to 0 to indicate there have
been no previous evaluation requests, PRCV interrupts, or soldier status requests,
respectively. The two timers, "dcount” and "peount,” are cleared and the down counter,
“dsec,” is assigned the value of the constant "EVALTIME." An initialization subroutine
(called by the function) clears all storage necessary for packet construction. The
remaining 10 outputs are hardware oriented. The key line, HIIPORTA (bit 4), is set
inactive. Both the A/D converter, HI1IOPTION, and the wrist impedance transmit,
H11PORTA (bit 5), are powered up. Register HI1IPORTD is cleared. The register
H11BAUD is set for a rate of 300 baud. The port D direction register, H11DDRD, is
initialized to 2. Both the serial interface register, HI1SCCR1, and the output compare
register, H11TOC]1, are cleared. And the serial interface interrupt, H11SCCR2, and the
output compare interrupt, H11TMSKI1, are enabled. See the table for the power up
function output (Table 7) for additional information.

3.4.2 Main Monitor Function.

3.4.2.1 Inputs. The function has 5 inputs which all deal with evaluation requests. The
flag "evflag” signals requests for soldier evaluation. The variable "reqpss" records HHM
requests for soldier status that have been postponed due to an A/D conversion. The
variables “hrate” and "mocount” store soldier evaluation resuits. The down-count timer
“dsec” is used to sense inactivity in the commupication channel. See the table for the
main monitor function input (Table 8) for additional information.

3.4.2.2 Processing.

a. Intent. This function has three purposes. First, the function monitors the
incoming packe’s for evaluation requests. The function answers the requests
by triggering the evaluation function and then responding via the transceiver
to the querying HHM. Secondly, when the function detects periods of inac-
tivity exceeding a specified time, the function switches the hardware to low
power standby mode (STOP on 68HC11). The function also detects proximity
receiver interrupts and returns the hardware to active mode.

b. Parameters Affected. No parameters are affected by this function.

¢. Sequence and Timing. The function is a continuous loop which checks for
evaluation requests. When a request is made, the analog data from the wrist
impedance are converted and processed. If the down counter (dsec) reaches a
value of zero, the A/D converter and the radio are turned off causing the PMC
to "sleep.” A proximity interrupt turns the A/D converter on and resets the
down counter so evaluation can begin again. See the flowchart for the main
monitor function {Figure 3) for additional detail.

13
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d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.2.3 Outputs. This function has 4 outputs. The variables "hrate” and "mocount”
contain the heart rate and the relative motion value, respectively. The variable
“evnum" contains the number of evaluations performed since the system was powered-
up. The counter "dsec” is the down counter necessary to detect inactivity in the com-
munication channel. See the table for the main mowitor function output (Table 9) for

additional information.
3.4.3 Prozimity Interrupt Function.

3.4.3.1 Inputs. The function has 2 inputs which relate to the proximity receiver. The
PRCV interrupt activates the PMC. The flag “proxflag” indicates whether the interrupt
has occurred. See the table for the proximity interrupt function input (Table 10) for
additional information.

3.4.3.2 Proc ssing.

a. Intent. This function responds to HHM requests for activation through the
preximity receiver hardware and the maskable interrupt (IRQ bar). The func-
tion is capable of interrupting the 68HC11 STOP (low power standby mode)
state when the low power mode i3 being maintained.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The following sequence of steps is performed Lv the
interrupt. Initially the fiags "proxflag” and “stompflag” are set. Then the
interrupts are enabled. The radio is turned on and an acknowledge packet
(PPA) is transmitted. The Aags "evflag” and "didirans” are set to 1 before the
interrupts are disabled. Then the flag "proxflag” is set to 0 and the interrupts
are enabled again.

d. Error Detection and Recovery. This function contains no error detection and
recovery software,

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

14
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3.4.3.3 Outputs. The function has 5 outputs. The flag "“evflag” signals requests for sol-
dier evaluation. The flag "didtrans” indicates the RF transmission has been activated
during the A/D conversion. And the flag "stompflag" serves as the timer flag. The
H11SCCR2 register is set to enable the serial interface interrupt and the H11PORTA
register (bit 4) is set to inactivate the radio power key line. See the table for the proxim-
ity interrupt function output (Table 11) for additional information.

3.4.4 Clock Interrupt Funetion.
3.4.4.1 Time Keeping Function.

3.4.4.1.1 Inputs. The function has one interrupt and three counters as inputs. The
clock interrupt provides for accurate time keeping. The counter "dsec” is the down
counter used to detect inactivity in the communication ckannel. The counters "dcount”
and “peount” are general purpose timers used for delays. See the table for the time
keeping function input (Table 12) for additional information.

3.4.4.1.2 Processing.

a. Intent. The function provides a regular interrupt at a frequency of 50 Hz for
various time keeping functions.

b. Parameters Affected. The output compare register of the 68HC11 is continu-
ously updated to permit an interrupt to occur every 20 milliseconds.

¢. Sequence und Timing. Initially, the first timer interrupt fag register is cleared
by writing 0x80 to the H11TFLGI1 register. Then the H11TOC1 register is
incremented by 0x9c40 to create an interrupt at the end of 20 milliseconds.
The computer operating properly timeout interrupts are prevented by assign-
ing the values 0x35 and Oxaa to the HI1COPRST register. The counter vari-
able "clk50" is incremented. If the variable reaches a value of 50 then the
counter is reset. The down counters "dcount” and "pcount” are decremented if
they have values greater than zero. The down counter variable “dsec” is

decremented at one second intervals as long as the variable is greater than
zero.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e.  Restrictions or [imitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performanee Requirements. See function block diagram
(Figure 2).

3.4.4.1.3 Outputs. The function has 8 outputs. The down-count timer “dsec” is used to
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sense inactivity in the communication channel. The variables "dcount” and "pcount” are
general timers used for delays. The register HI1TFLG] is set so the interrupt flag is
cleared. The register H12'TOC1 is loaded to provide output comparison interrupts at a
rate of 50 Hz and H11COPRST is set to postpone COP timer interrupts. See the table
for the time keeping function output (Tatle 13) for additional information.

3.4.4.2 A/D Conversion Function.

3.4.4.2.1 Inputs. The function requires 5 inputs to perform the A/D ccnvarsion. The
flag which enables the A/D conversions is "adflag.” The A;D conversion status byte is
stored in the register H11ADCTL. And the registers H11ADR1, H11ADN2, and
H11ADR3 contain the wrist impedance signal, the off-wrist signal ard the battery vol-
tage, respectively. See the table for the A/D conversion function input (Table 14) for
additional information.

3.4.4.2.2 Processing.

a. Intent. This fun<ticc performs the A/D conversion of the data frum the wrist
impedance circuit.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The necessary A/D conversion rate is 25 Hz. Since the
internal interrupt occurs at a rate of 50 Hz, the conversion is triggered by odd
interrupts (variable "clk30"” is odd). Conversion is only possible when “adflag”
indicates data are present. The conversion begins by setting the HI1ADCTL
register of the 68HC11 to Ox10 which sets bit 4 of this register set to 1. A
conversion is complete when bit 7 of the register goes bigh. Following the
conversion, the A/D values are stored in the variables "adval," "ad_offw" and
"ad_batt" and the flag "adnext” is set high to signal conversion completion.

d. Error Detection and Recovery. This function coutains no error detection and
recovery sofcware.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.4.2.3 Outputs. The function has 5 outputs. The variable “adval” contains the wrist
impedance signal from the A/D conversion function. The flag "adnext” signals com-
pleted A/D conversions. The variables "ad_offw” and "ad_batt” contain the cff-wrist
signal and the battery voltage, respectively. The register HILADCTL activates the A/D
converter. See the table for the A/D conversion function output (Table 15) for addi-
tional information.

18
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3.4.5 Serial Receive Interrupt Funetion.
3.4.5.1 Packet Construction Function.

3.4.5.1.1 Inputs. The function has 9 inputs. Th~ serial receiver interrupt indicates the
signal reception of a character by the digital RF transceiver (DRT). The variables "pin"
and "pout” are input and output index pointers used in storing packet information.
'The variable "pcount” is a general timer used for delays. The flag "daemonflag” is used
to insure only one invocation of the input packet processing will run at a time. The flag
"stompflag” detects the transmission of a PPA packet while a PSS packet is being sent.
The initializing subroutine “pkelear” clears the buffer area necessary for packet con-
struction. The register H11SCSR stores the status byte fron. the serial receiver. And
the register HI1SCDR contains the received character. Serthe table for the packet con-
struction function input (Table 18) for additional informatica.

3.4.5.1.2 Processing.

a. Intent. This function accepts input characters from the serial interface and
attempts to construct a legal packet from the characters.

b. Parameters {ffected No parameters are affected by this function.

c. Sequence cnd Timing. Packet construction is accomplished by a finite state
machine. Figure 4 shows the necessary flow with the variable "rstate” holding
the current state of the machine.

Jd. Error Detection and Recovery. An error routine checks the validity of the
transmitted packet. The routine sums the characters in the packet to get an 8
bit checksum. Then the last two characters in the packet, which are a hex
ASCII representation of the checksum, are decoded. The two checksums are
compared and if they are not equal then an error occurred during packet
transmission. An error results in the packet being discarded and a new packet
being constructed.

e. Restrictions or Limistations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.5.1.3 O«utprts. This function has 3 outputs. The array “pkbuf’ contains packet
information. The variables "pin" aad "pout” are the array indexes which point to the
current input and output packet locations in "pkbuf.” See the table for the packet
construction function output (Table 17) for additional information.

3.4.5.2 Input Packet Procresing Function.
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3.4.5.2.1 Inputs. This function requires 5 inputs to process incoming packets. The
array 'pkbuf” is a buffer for packet storage. The variables "pin" and "pout" are the
array indexes which point to the input and output packet locations in "pkbuf.” The
flzg "adnow” indicates when an A,/D conversion is in progress. The function uses the
down counter “dsec.” See the table for the inpu* packet processing funciion input
{Table 18) for addit.onal information.

3.4.5.2.2 Processing.
a. Intent. This function decodes valid packeis to determine if the receiving PMC
is the correct destination and then responds appropriately.

b. Parameters Affected. No parameters are affected by this function.

Sequence and Timing. The packet address is first decoded. If the address
rnatches the PMC address thep the processing continues with checks to assure
the request is for soldier status (CSS) and the packet can be processed.
Proper requests cause a PMC soldier status (PSS) packet to be transmitted.
Requests made during A, D conversioas must be postponed. These requests
a.2 recorded bv the variable "reqpss” and no PSS packets are transmitted.
See the flowchart for the input packet processing (Figure 3) for additional

o
.

detail.
d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e.  Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2). '

3.4.5.2.3 Outputs. The function has 2 outputs. The flag "daemonflag” assures only one
invocation of the input packet processing is running at a time. The variable "reqpss”
records HHM requests for soidier status that have been postponed die to an A/D
conversion. See the table for the input packet processing function output (Table 19) for
additionai information.

3.4.8 Get Dala Funection.

3.4.8.1 Inputs. This function has 3 inputs. The variable "adval” contains the wrist
impedance signal from the A D conversion function. The two other inputs are flaga.
The flag "adnex.” signals compieted A/D conversions. And the flag "didtrans” indicates
the RF transmission has been activated during the A/D conversion. See the table for
the get data function iaput (Table 20) for additional information.
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3.4.6.2 Processing.

a. Intent. This function receives data from the wrist impedance circuit and
stores the A/D converted data peints in 2n array.

b. Parameters Affected. No parameters are affected by this function.

¢. Sequence and Timing. The following sequence of events occurs for each data
point stored in the array "pbuf.” The flag "adnext” is cleared. The clock inter-
rupt routines (functions Time Keeping and A/D conversion) execute an A/D
conversion and save the converted value in the variable "adval.” The flag
"adnext” is then set to 1 to indicate the conversion is complete and the data
point has been processed. Then the value in “adval" is trwnsferred to the next

location in "pbuf.” This entire sequence is repeated until "pbuf” has been
filled.

d. Error Detection and Recovery. Another function may transmit data while
"pbuf” is being filled. This will cause the data in "pbuf” to be contaminated.
When this contamination occurs the flag "didtrans” is set to 1, the data in
"pbuf" is discarded, and filling begins again.

e.  Restricticns or Limitations. A transmission e ror will occur if an A/D data
point is moved to the storage array "pbuf” while any other signal is being sent.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.6.3 Outputs. The function has 3 outputs. The array “pbuf” contains tke digitized
impedance signal and the variable "npbuf” holds the length of this array. The flag
"adnow" indicates when an /A /D conversion is in progress. See the table for the get data
function output (Table 21) for additional information.

3.4.7 Get Rates.

3.4.7.1 Preprocessor Function.

3.4.7.1.1 Inputs. The function has 2 inputs. The array "pbuf” stores the digitized
impedance signal. The variable "npbuf” indicates the number of zrray storage locations
currently ic use. See the table for the preprocessor function input (Table 22) for addi-
tional inforination.

3.4.7.1.2 Processing.

a. Intent. This function locates and filters A/D data. The function also deter-
mines the length of the filtered segment.

b. Parameters Affected. No parameters are affected by this function.
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c. Sequence and Timing. The function locates all on-scale data points. From
these values, the longest continuous on-scale data section is isolated. This sec-
tion is initially passed through a low pass filter and then the data segment is
passed through a high pass filter. The average of the resulting data segment is
determined. Based on the median value, 2 new on-scale upper limit is com-
puted. The current data segmerct is passed through the vewly established win-
dow and again the longest continuous data section is isolated. The length of
the data segment is determined and stored. See flowchart for the preprocessor
function (Figure 8) for additional information.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

$.4.7.1.3 Outputs. The function has 4 outputs. The array "pbuf” contains the filtered
A/D data segment. And the variable "seglen" holds the length of this data segment.
The average value of the data segment is stored in the variable "val." The variable
'mocount” contains the motion count. See tne table for the preprocessor function out-
>ut (Table 23) for additional infermation.

3.4.7.2 Heart Rate Calculation Function.

3.4.7.2.1 Inputs. This function has 5 inputs. 'The array "pbuf” contains the filtered
A/D data segment. The length of this data segment is stored in the variable ""seglen."”
The stack indexes ("S1", "S2", "S3") locate values for signal averaging. And the variable
'val" holds the data segment average. The motion count is stored in the variable
'mocount.” See the taktle for the heart rate calculation function input (Table 24) for
idditional informatior.

3.4.7.2.2 Processing.

a. Intent. This function calculates the heart rate of a filtered data segment with
a minimum duration »f five seconds.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. Initial checks are madc to determine if the data are
reasonable and if the data have a duration of at least five seconds. If process-
ing is to continue, the following eteps are performed. The FFT of the data
segment is computed and the spectrum (S(f)) is calculated. Depending uvon
the number of consecutive data segments previously processed, the current

— - -
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spectrum is averaged with zero, one or two previous spectra. The frequency
corresponding to the peak amplitude of the average spectra (S(i)) is located
and the heart rate is computed using the formula
(i—2)*S(i—2) + *S(i—1) + (i)*S(i) , 750

S(i—2) + S(i—1) + S(i) 128
See the flowchart for the heart rate function (Figure 7) for additional informa-
tion.

HeartRate =

bpm .

d. Error Detection and Recovery. Periodogram averaging reduces the effects of
the noise in the signal.

e. Resirictions or Limitations. No restrictions or iimitations pertain to this func-
tion.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.7.2.3 Outputs. This function bas only one output which is the variable "hrate.” This
variable stores the soldier’s heart rate. See the table for the heart rate calculation func-
tion output (Table 25) and the table for heart rate codes (Table 28) for additional infor-
mation.

3.4.8 Transmit Function.

3.4.8.1 Inputs. This function has 7 inputs. The variable "evnum" contains the number
of evaluations performed since power-up. The variables "ad.offw,” "hrate,” "mocount,”
and "ad_batt” contain the off-wrist signal, the hezrt rate, the relative motion value, and
the battery voltage, respectively. The function uses the general timer "dcount.” The
register H11SCSR stores the status byte from the serial receiver. See the table for the
transmit function input (Table 26) for additional information.

3.4.8.2 Processing.

a. Intent. This function encodes and tranmsruits valid packets to requestings
HIDMs.

b. Parameters Affected. No parameters are affected by this function.

¢. Sequence and Timing. The sequence necessary ‘o build and transmit a valid
packet is as follows. The packet characters are encoded and stored in the
buffer “pkmess.” The routine "buildpak” adds the packet beader ("A), the
PMCID, and the id end marker (:) to the existing packet characters. The
entire string is stored in the buffer "tpakbuf." Then the routine "sendpak” cal-
culates and encodes the packet’s 8 bit checksum which is added to the packet
along with a line feed and carriage return. Once the packet is built the
transmitter is keyed. Following a period of 200 msec to allow the HHM
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receiver to stabilize, the packet is sent. The transmit key line is then turned
off.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations., The transmitter 1nust be keyed for 200 msec

before data are sent to give the modem in the receiver the time necessary to
decode valid data.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.8.3 Outputs. This function has 5 outputs. The flag "evflag” signals requests for soi-
dier evaluation. The flag "didtrans” indicates the RF transmission has been activated
during the A/D conversion. The array "tpakbuf" contains processed information to be
displayed. The register Hi1SCDR contains the received characters and the register
H11PORTA (bit 4) controls the radio power key line. See the table for the transmit
function output (Table 27) for additional information.

3.5 Adaptation Requirements.

3.5.1 System Enuvironment. This section is not applicable to this specification.

3.5.2 System Parameters. This section is not applicable to this specification.

3.5.3 System Capacsties. This section is not applicable to this specification.

3.6 Quality Factors.

3.6.1 Correctness Requirements. The PMC CSCI is considered to be 100% correct.

3.8.2 Reliability Requirements. The software has been developed to consistently pro-
vide meaningful results regardless of the input signal.

3.6.3 Efficiency Requsrements. The CSCI uses the computer resources in a manner
which accomplishes status cycle evaiuation and reporting in iess thas 15 seconds.

3.8.4 Integrity Requirements. No control against unauthorized access to operations and
data exists in this CSCI.

3.8.5 Usabslity Requirements. This section is not applicable to this spazcification since
there is no direct interactiou between the user and this CSCI.

22
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.6.6 Maintainability Requirements. The maximum effort necessary to locate and fix an
rror should not exceed 2 human work weeks.

8.7 Testability Requirements. Testing of the CSCI should range from 1 day to 1
veek depending on the data set selected. Sections of the CSCI are difficult to indepen-
lently test due to their close relationship to the hardware.

3.6.8 Flezibility Requirements. Minimal time will be required for enhancements due to
he modular nature of the PMC CSCI.

3.8.9 Portability Requirements. The software is portable due to the facts it is primarily
mritten in C and it is modular. However, since the software has been developed for a
particular microprocessor with built-in interfaces, compiications may result when
attempting to re-port the scftware.

3.5.10 Reuscbiisty Requirements. The PMC CSCI will be reusable in other applications
with minimal effort since the software is written in the high level language C and is
modular.

3.8.11 Jateroperability Requirements. The CSCI is not compatible with any existing sys-
tems except for the hand held monitor (HIZIM) and the prototype multimonitor.

3.6.12 Additional Quality Factor Requirements. This section is not applicable to this
specification.

3.7 CSCI Support.

3.7.1 Facility Requirements. Laboratory workspace suitable for the equipment and per-
sonne] listed below is necessary. The workapace will need to have standard 120 volt AC
power, temperature control for the room, a computer table, and a workbench.

3.7.2 Equipment Requirements. The following equipment is necessary:

a. IBM PC compatible computer with a serial port to talk to the emulator
(recommend a 386 system with a hard disk drive)

b. Motorola HDS-300 Development System with a 68HC11 emulator pod

c. Wire-wrap prototype of PMC and HHM hardware with a digital to analog
converter for debugging and testing software during development

d. 100 MH:z bandwidth oscilloscope to monitor software functions

e. Five volt DC power supply for prototype circuit

23
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f.  PROM programmer to attach to the IBM PC ccmpatible computer for pro-
gramming 27C64 and 27C256 EPROMS

3.7.3 Saftware Requirements. The following software is necessary:

a. INTROL-C/68HC11 C cross compiler for the Motorola 68HC11 microprocessor
~ich rurs on the IBM PC compatible computer

b. MS-DOS for the IBM PC compatible computer

¢. Text editor

d. Copies of the PMC and HHM source code

e. File transfer program for PC to HDS-300 communication

f.  Digital signal processing software consisting of a database of wrist impedance

signals and appropriate analysis and display software

C compiler for the IBM PC compatible computer to compile and test the
software described in item 6 (above)

a9

3.7.4 Personnel Requirements. The personcel maintaining and developing the PMC
and HHM software need knowledge in the following areas:

C programming

a
b. stand-alone microprocessor programming (MCS8HC11 in particular)

o

rea] time programming (interrupt handling, etc.)

a-

digital signal processing

3.8 Traceabslity. This section is not applicable to this specification.

4. QUALIFICATION REQUIREMENTS

4.1 General Qualification Requirements. Testing was performed on the heart rate pro-
cessing software nf the PMC. See Appendix I for details of the testing. Additional test-
ing of the CSCI was done in conjunction with the HHM CSCI (HHM-CSCL.2) at the
interface level. See documentation concerning this testing in the Interface Requirement
Specification (A006).

4.2 Special Qualification Requirements. This sectior is not applicable to this
specification.
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5. PREPARATION FOR DELIVERY

5.1 Preparation For Deiivery The CSCI software will be delivered in object code form
on an EPROM snldered into the PMC unit. A hardcopy of the source code can be found
in the appendix which accompanies this documentation.

6. NOTES

6.1 .Acronyms See acronym summary table (Table 29).

25
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FIGURE 1. Interface block diagram.
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FIGURE 2. Function block diagram.
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FIGURE 5. Function inpur packet processing flowchart.
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TABLE 2. Interface summary.

A005

INTERFACE INFORMATION INITIATION EXPECTED
NAME DESCRIPTION CONDITION RESPONSE
WICA Wrist impedance WIC Signal that
analysis signal powered up varies with
HWCI 3-to-CSCI 1 contraction of heart
WZCB Off-wrist WIZIC Signal that,
analog signal powered up varies with
HWCI 3-to-CSCI 1 electrode contact
WICC WZC power PMC Activates
CSCI 1-to-HWCI 3 activated WZCA and WICB
PRCV Proximity data Activated Interrupt sent
HWCT 4-to-CSCI 1 HHM nearby to activate PMC
VRFA Analog reference PMC Voltage
voltage activated reference
HWCi 5-to-CSCI 1
DRTA Transmit data PMC sending Data sent
serial communication | data packet by RF
CSCI 1-to-HWCI 8 transceiver
DRTB Receive data DRT receiving Data packet
serial communication | data packet processed
HWCI 6-to-C3CI 1
DRTC DRT power PMC DRT activated
CSCI 1-to-HWCl1 8 activated
RTCA Real time HHM powered up | Internal interrupt
clock interrupt or PMC activated | at 50 HZ
HWCI 11-t0-CSCI 1

<
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TABLE 3. Request for soldier status (CSS) format.

A005

DATA LENGTH | DATA TYPE I CONTENT DESCRIPTION

2 bytes ASCII A packet header

1 to 5 bytes ASCI 1 to 5 digits | PMC id number

1 byte ASCII id end marker

3 bytes ASCIH CSS packet type

1 byte* ASCII space (blank)

1 byte* ASCII I signals CSCI 1 response

2 bytes ASCI hex digits packet checksum

2 bytes ASCII LICr packet trailer
optional
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TABLE 4.

PMC positive acknowledge (PPA) format.

DATA LENGTH | DATA TYPE | CONTENT DEECRIPTION
2 bytes ASCH A packet heager

1 to 5 bytes ASCIH 1 te 5 digits | PMC id number
1 byte ASCII : id end marker

3 bytes ASCI PPA packet type

2 bytes ASCII hex digits packet checksum
2 bytes ASCO LfCr packet trailer
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TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH | DATA TYPE | CONTENT DESCRIPTION
2 bytes ASCIl A packet header
1 to 5 bytes ASCII 1 to 5 digits | PMC id number
1 byte ASCIl : id end marker
3 bytes ASCII PSS packet type
1 byte ASCIl space (blank)
1 to 5 bytes ASCI 1 to 5 digits | evaluation count
1 byte ASCH space (blank)
1 to 3 bytes ASCII 1 to 3 digits | off-wrist level
1 byte ASCIH space (blank)
2 to 3 bytes ASCIT 2 to 3 digits | heart rate
1 byte ASCI space (blank)
1 to 4 bytes ASCI 1 to 4 digits motion count
1 byte ASCII space (blank)
1 to 3 bytey ASCIH 1 to 3 digits | A/D reference level
1 byte ASCI space (blank)
| 2 bytes ASCH L{Cr packet trailer

38
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TABLE 6. Function power up initialization input.
ITEM | DESCRIPTION | UNITS OF FREQUENCY LEGALITY | SOURCE
MEASURE OF ARRIVAL CHECK
1 Power up N/A Once when device | N/A CSCI1
reset l is turned on

v ep—
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TABLE 7.

Function power up initiglization outptt.

A005

—

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION

1 Buffer input N/A N/A N/A Function
index Packet
(pin) Construction

2 Buffer output N/A N/A N/A Function
index Packet
{pout) Construction

3 Stack N/A N/A N/A Function
indexes Heart Rate
(S1, S2, S3) Calculation

4 A/D conversion | N/A N/A N/A Function
enabie flag A/D
(adflag) Conversion

5 Conversion in N/A N/A N/A Funpction
progress flag Input
(adnow) Packet

Processing

6 Individual N/A N/A N/A Function
processing Packet
flag Construction
(daemonflag)

7 Evaluation N/A N/A N/A Function
flag Main Monitor
(evflag)

8 PRCV N/A N/A N/A Function
interrupt Proximity
flag Interrupt
(proxflag)
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TABLE 7, continued
Function power up initialization output
ITEM | DESCRIP- | UNITS OF FREQUENCY LEGALITY | DESTINA-

TION MEASURE | OF DEPARTURE CHECK TION

9 Record N/A N/A N/A Function
flag Main Monitor

(reqpss)

10 Down Seconds N/A Yes Function
counter Main
(dsec) Monitor or

Time
Keeping or
Input Packet
Processing

11 General Seconds N/A Yes Function
timer Time
(dcount) Keeping

12 General 1/50 N/A Yes Function
timer Seconds Power Up
(pcount)

13 Initialization | N/A N/A N/A Function
subroutine Packet
(pkelear) Construction

14 Baud rate N/A N/A N/A HWCI 6
register
(H11BAUD)

15 Port D N/A N/A N/A HWCI 8
direction
register
(H11DDRD)

LA ]
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TABLE 7, continued

Function power up initialization output ’

ITEM I DESCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA- ;
TION . MEASURE | OF DEPARTURE CHECK TION '
|

16 A/D N/A N/A N/A HWCI 3
conversion
(H110PTION)

17 Key line N/A N/A M/A HWCI 8 :
(H11PORTA p
bit 4) '

18 Wrist N/A N/A N/A HWCI 2
impedance
(HI1PORTA
bit 5)

19 | PortD N/A N/A N/A HWCI 8
(H11PORTD) :

20 Serial N/A | N/A N/A HWCI 8
interface

register 1
(H11SCCR1)

21 Serial N/A N/A N/A HWCI 8
interface
interrupt
(H11SCCR2)

—— e i e e

22 Output N/A N/A N/A HWCI 11
comnpare 1
interrupt
(H11TMSK1)

23 Output N/A N/A N/A HWCI 11
compare 1
register
(H11TOC1)

12 t



TABLE 8. Funection main monitor input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK
1 Evaluation N/A 15 second N/A Function
flag intervals when Power Up or
(evfiag) PMC activated Proximity
Interrupt or
Transmit
2 Record N/A N/A N/A Function
flag Power Up or
(reqpss) Input Packet
Processing
3 Heart Beats/Min | 15 second No Function
rate intervals when Heart Rate
(hrate) PMC activated Calculation
4 Motion N/A 15 second No Function
count intervals when Preprocessor
(mocount) PVMC activated
5 Down Seconds 1/second No HWCI 11 or
counter Function
(dsec) Power Up or

47
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TABLE 9. Function main monstor output.

A005

| ITEM | DESCRIP-

UNITS OF FREQUENCY LEGALITY | DESTINA-
|  TION MEASURE OF DEPARTURE CHECK TION

1 ! Heart rate | Beats/Minute | N/A No Functicn
(hrate) Transmit

2 Relative N/A N/A No Function
motion Transmit
(mocount)

3 Evaluation | N /A N/A No Function
number Transmit
(evnum)

4 Down Seconds N/A No Function
courter Time
(dsec) Keeping

4
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TABLE 10. Function prozimity interrupt input.
ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE '
MEASURE | OF ARRIVAL CHECK
1 PRCV N/A Once to N/A HWCI 4
interrupt activate PMC
2 PRCV N/A N/A N/A Function
interrupt flag Power Up
(proxflag)

———y ag—




TABLE 11. Function prozsmity snterrupt cutput.

A005

Y

ITEM DESCRIP- UNITS OF | FREQUENCY § LEGALITY DESTINA-
TION MEASURE | OF DEPARTURE |  CHECK TION

1 Evaluation N/A 15 second N/A Function
flag intervals when Main
(evflag) PMC activated Monitor

2 RF activation | N/A N/A N/A Function
flag Get Data
(didtrans)

3 Timer N/A N/A N/A Function
flag Packet
(stompflag) Construction

4 | Serial N/A N/A N/A HWCI 8

i interface
| interrupt
' (H11SCCR2)

5 | Key line N/A | N/A N/A HWCI 6
(H11PORTA,
bit 4) i . S
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TABLE 12. Function lime keeping input.

A00S

| ITEM

DESCRIPTION | UNITS OF | FREGQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Clock N/A 50 Hz N/A HWCI 11
interrupt

2 Down Seconds N/A Yes Function
counter Power Up or
(dsec) Main

Monitor

3 General Seconds N/A Yes CSCI1lor
tirmer Function
(dcount)_ Power Up

4 General 1/50 N/A Yes HWCI 6 or

' timer Seconds Function

{pcount) Power Up




TABLE 13. Function tsme keeping output.

A005

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION

1 Down Seconds N/A N/A Function
counter Main
(dsec) Monitor or

Input Packet
Processing

2 General Seconds N/A N/A Function
timer Transmit
(deount)

3 General 1/50 N/A N/A Function
timer Seconds Packet
{(pcount) Construction |

4 Interrupt N/A N/A N/A HWCI 11
flag
(H11TFLG1)

5 Timing N/A N'A N/A HWCI 11
-egister
(H11TOC1)

8 Timer N/A N/A N/A HWCI 11
interrupt
(H11COPRST)

18
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TABLE 14." Function A/D conversion input.
ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 A/D conversion | N/A N/A N/A Function
enable flag Power Up or
(adflag) Get Data

2 A/D conversion | N/A N/A N/A HWCI 3
status byte
(H11ADCTL)

3 Wrist impedance | N/A 25 Hz No HWCI 3
signal
(H11ADR1) |

4 Off wrist N/A 25 Hz No HWCI 3
signal
(H11ADR?2)

5 Battery N/A 25 Hz No HWCI 3
voltage
(H11ADR3)
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TABLE 15. Function A/D conversion output.

A005

I

ITEM DrSCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASUTE | OF DEPARTURE | CHECK TION

1 Wrist impedance | N/A 25 Hz No Functioa
signal Get Data
(adval)

2 A/D conversion | N/A N/A N/A Function
completion flag Get Data
(adnext)

3 Off wrist N/A N/A No Function
signal Transmit
(ad_offw)

4 Battery N/A N/A No Function
voltage Transmit
(ad-batt)

5 A/D N/A N/A N/A HWCI 3
conversion
control flag
(H11ADCTL) |

20




TABLE 16. Function packet construction input.

A00S

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Serial receiver N/A N/A N/A HWCI 8
interrupt

2 Buffer input N/A N/A N/A Function
index Power Up
(pin)

3 Buffer output N/A N/A N/A Function
index Power Up
(pout)

4 General 1/50 N/A N/A Function
timer Seconds Time
(peount) Keeping

5 Timer N/A N/A N/A Function
flag Proximity
(stompflag) Interrupt

6 Individual N/A N/A N/A Function
processing Power Up or
flag Input Packet
(daemonflag) Processing

7 Initialization N/A N/A No Function
subroutine Power Up
(pkclear)

8 Serial receiver N/A N/A N/A HWCI 8
status byte
(H11SCSR)

9 Character N/A N/A N/A HWCI 8
reguster
(H11SCDR)
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TABLE 17. Function packet construction output.

A005

ITEM | DESCRIP- | UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION
1 Packet N/A N/A Yes Function
storage Input
(pkbuf) Packet
Processing
2 Buffer N/A N/A Yes Function
input Input
index Packet
(pin) Processing
3 Buffer N/A N/A No Function
output Input
index Packet
(pout) Processing




TABLE 18. Function input packet processing input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Packet storage N/A N/A N/A Function
buffer Packet
(pkbuf) Constrr .tion

2 Buffer input N/A N/A N/A Function
index Packet
(pin) .Construction

3 Buffer output N/A N/A N/A Function
index Packet
(pout) Construction

4 Conversion in N/A N/A N/A Function
progress flag Power Up or
{(adnow) Get Data

5 Down Seconds N/A Yes Function
counter Power Up or
(dsec) Time Keeping




TABLE 19. Function snput packet processing output.

A005

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION
1 imdividual N/A N/A N/A Function
processing Packet
flag Construction
) (daemonflag)
2 Record N/A N/A N/A Function
flag Maia
(reqpss) Monitor

54




TABLE 20. Function get data input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LECALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Wrist impedance | N/A 25 Hz No Fnaction
signal A/D Cenversion
(adval) ‘

2 A/D conversion | N/A N/A N/A Function
completion flag A/D Conversion
(adnext)

3 RF activation N/A N/A N/A Function
flag Proximity
(didtrans) Interrput or

Transmit

o
n

e —————




TABLE 21. Function get data output.

A005

ITEM DESCRIP- UNITS OF I FREQUENCY LEGALITY DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION

1 Digitized impedance | N/A 25 Hz No Function
signal Preprocessor
(pbuf)

2 Number of N/A N/A N/A Function
points in pbuf Preprocessor
(npbuf)

3 Conversion in N/A N/A N/A Function
progress flag Input
(adnow) Packet

Processing
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TABLE 22. Function preprocessor input.

ITFM DESCRIPTION UNITS OF | FREQUENCY | LEGALITY | sDURCE
MEASURE | OF ARRIVAL CHECK
1 Digitized impedance | N/A 25 Hz No Function
signal G~t Data
{pbuf) ,,
2 Number of N/A N/A N/A Function
points in pbuf Get Data
(npbuf)




TABLE 23. Function preprocesser output.

A005

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION
1 Filtered N/A 25 Hz No Function
data segment Heart Rate
(pbuf) Calculation
2 Length of N/A N/A No Function
data segment Heart Rate
(seglen) Calculation
3 Average value N/A N/A No Function
of data segment Heart Rate
(val) Calculation |
4 Motion count N/A 15 second Neo Function
(mocount) intervals when Main
PMC activated Monitor or
Heart Rate

Calculation




TABLE 24. Function heart rate calculation input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Filtered N/A 25 Hz No Furction
data segment ' Preprocessor
(pbuf)

2 Length of N/A N/A No Funection
data segment Preprocessor
(seglen)

3 Average value N/A N/A No Funection
of data segment Preprocessor
(val)

4 Motion count N/A N/A No Function

' {mocount) Preprocessor

5 | Stack N/A N/A N/A Function

é indexes Power Up
! (S1, 82, 83)
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TABLE 25. Function heart rate calculation output.
ITEM | DESCRIP- } UNITS OF |  FREQULNCY LEGALITY | DESTINA-
|  TION | MEASURE | OF DEPARTURE | CHECK | TION
1 i Heart rate Beats;/Minute | 15 second No Function
‘ (hrate) intervals when Main
5 PMC activated Monitor or
‘ ‘ { Transmit
ST :

A0




TABLE 26. Function transmit snput.

A005

ITEM | DESCRIPTION ; UNITS OF FREQUENCY | LEGALITY SOURCE
MEASURE OF ARRIVAL CHECK

1 Evaluation N/A N/A No Function
number Main Monitor
(evnum)

2 Off wrist N/A N/A No Function
signal A/D Conversion
(ad_offw)

3 Heart rate Beats/Minute | N/A No Function
(hrate) Maiin Mogitor or

Heart Rate
Calculation

4 Relative N/A N/A No Function
motion Main Monitor
(mocount)

5 Battery N/A N/A No Function
voltage A/D Conversion
(ad_batt)

6 Geaeral Seconds N/A N/A Function
timer Time Keeping
(deount)

v Serial N/A N/A N/A HWCI 8
receiver
status
byte
(H115CSR)
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TABLE 27. Function transmit output.

A005

UNITS OF

ITEM | DESCRIP- FREQUENCY LEGALITY | DESTINA-
TION | MEASURE | OF DEPARTURE CHECK TION

1 Evaluation N/A N/A N/A bunctiou
tflag Main
{evflag) Monitor

2 RF N/A N/A N/A Fucction
activation Get Data
flag
(didtrans)

3 Transmit N/A N/A Yes HWCI 8
packet
(tpakbuf)

4 Transmit N/A N/A Yes HWCl 8
packet
(H11SCDR)

5 Transmit N/A N/A N/A HWCI 8
key line
(HI1IPORTA
bit 4)
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TABLE 28. Heart rate codes.

HEART RATE MEANING
CODE
0 small impedance signal and no body motion
-1 processed impedance signal less thar 5 seconds long
-2 heart rate greater than 240 bpm
-3 small impedance signal and body motion
-4 spestrum peak less than 350
-5 not enough beats in buffer for estimated

heart rate to be valid

63
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TABLE 29. Acronym summary.

| ACRONYM

MEANING
CSS Request for soldier status
DRT Digital RF transceiver
DRTA CSCI 1 to DRT interface
DRTB DRT to CSCI 1 interface
DRTC CSCI 1 to DRT interface
HHEM Hand held monitor
PMC Personal monitor communicator
PPA PMC positive acknowledge
PRC Proximity receiver
PRCA PRC to CSCI 1 interface
PSs PMC soldier status
RTC Real time clock
RTCA RTC to CSCI 1 interface
VRF Voitage Reference
VRFA VRF to CSCI 1 interface
WIZC Wrist impedance cireuit
WZCA WIZC to CSCI 1 interface
WZCB WZC to CSCI 1 interface
wiccC CSCI 1 to WZC interface

84
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APPENDIX 1.
10. PMC HEART RATE PROCESSING TEST

10.1 Test Data. Two databases of impedance signals were generated from a single
PMC to test the PMC heart rate processing. The impedance signals were
obtained from 11 people as they rested, stood, walked, and jogged. The
impedance signals were recorded on magnetic tape and then transferred to a com-
puter via A/D conversion. A total of approximately 10000 seconds of impedance
signals were stored in the databases.

10.2 Overview of Test. The databases were plotted at ten second intervals. The
heart rate was caiculated by hand from all impedance signal plots which were not
off-scale or noisy. Next, the heart rate was calculated from the digitized
impedance signals using the heart rate processing software. Again the signals
~ which were off-scale (due to too much motion) or noisy were disregarded.

16.3 General Test Results. A plot of software calculated heart rate (PMC calcu-
lated heart rate) versus hand calculated heart rate was obtained for each data-
base. A correlation coefficient and a histogram of each absolute heart rate error
were calculated. See Figures 8 thru 11. Based on the results, minor changes in
the software were made to improve the heart rate estimation.
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FIGURE 8. PMC heart rate versus hand calculated heart rate,

first datapase.
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PMC Calculated Heart Rate (BPM)
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FIGURE 10. PMC heart rate versus hand calculated heart rate,
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FIGURE 1. Error histogram, second database.
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APPENDIX IL

20. PMC SOURCE CODE

/* PMC program */

/* written by Jim Jones, Bob Miller and Umesh Patel  */
/® Purdue University v/

/* 1986-1989 +/

s#define PMCID 13 /* must be unique for each PMC */
/* #define BENCH */

#include <stdio.h>

#include <hllreg.h>

#include <bmeec.h>

#include <string.h>>

#define PBUFSIZE 8 /* number of packet buffers ¢/
#define PMASK 0x07

#define EVALTDME 60 /°* Number of seconds to stay awake after evaluation */
#define SLEEPYTIME 10 /* Number of seconds to stay awake after packet */

#define MAXSAMPS 250 /® Number of a/d samples to take */

char c1k50; /® 50 HZ counter */

cha: “pakptr; /* packet buffer pointer */

char tpakbuf{200]; /* transmit packet buffer */

char pkmess{200}; /*® intermediate packet buffer */

char pkbuf{PBUFSIZE+2{{50]; /* receive packet buffer */

int pin,peut; /* pkbuf input index */

int evnam,evflag; /® pkbuf output index */

int daemonflag; /*® Blag * insure one invocation of dopacket ¢/
int ratate; /* current state of packets -onstruction fsm °/
int chksum,rchksum; /® packet checksums */

int dcount,dsec; /* general purpose timers */

char line(80{,colstr!80]; /* character buffers */

int ad_ofw; /® a/d value from off wrist circuit */

int ad_batt; /* a/d value from voltage reference */

int pcount; /* packet constructicn timer */

int delay; /*® used in signal processing */

int mocount; /*® motion counter */

int hrate; /* calculated heart rate */

A005
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int level;
int _hrate,_mocount;
int batt,offw;

int reqpss;
int didtrans;

char proxflag;
char stompflag;

int val; /* average value */

int aaflag; /* fag that show that a/d coaversion is on */

int adnow; /* Hag that shows that a/d values are being saved */
int pbufMAXSAMPS];  /* buffer of wrist impedance values */

int npbuf; /* number of points in pbuf */

int adnext; /* Bag that signals the next a/d value is ready */

int seglen; /* data segment length */

/® function declarations */

void int_setup(};

void dopacket();
—mod2_.. void OC1INT();
—mod2__ void INTINT();
—mod2__ void SCIINT{);

main(){

int done();
/* turn off transmitier */
key(0);

/¢ initialise varaibles */

pin = pout == 0;
daemonflag = 0;
evilag == 0;
proxflag == 0;
stompflag = 0;

8] == a2 = 33 = O
reqpss = 0;

adnow = O;
pkelear();

/® set ap interrupts */
int.setup();

/¥ stores various levels in signal processing */
/* heart rate calculated in signal processing */
/* stores voltage reference and off wrist values */

/* flag that records a request for a PSS packes */
/*® flag that records a radio transmission */

long int idatai256; /* buffers for fit */
long int rdata{256;

long int spec(3](43]; /* buffers fo: storing spectra results */
int s1,s2,33,countgood; /* counters for periodogram */
int adval; /® current a/d value */

/* shows proximity interrupt has occured */
/* shows radio transmitted during a/d conv
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/* set up serial port
tty_setup();
dsec = EVALTIME;

/* turn on a/d converter */
adon();
stop_enable();

/" main monitor loop */
while(1){
#ifdel BENCH
evilag = 1;
#endif
/* has there been a recent request for status ? */
if(evflag){
/* get 10 seconds of wrist impedance data */

getdata();

if(reqpss){

/* send mos: recent status */

dopss();
asm(” SEI');
reqpss = 0;
asm{" CLI™);
}
#ildef BENCH
dispbuf{});
#endif
/* analyse wrist impedance data for heart rate ete. */
getrate();
asm(” SEI™);
hrate == _hrate;
mocount = _mocount;
evnum ++;
asm(” CLI");
evlag = 0;
#ifdef BENCH
dispbuf();
#endif

/* if there have been no recert status requests */
/® power dewn radio and go to sleep */
if(dsec =:=x 0){

adod();

rdofll);

evilag == 0;

-2
L &
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asm(” CLI"};

H11SCCRZ = O;

/* note: sleep instruction has been loaded at 0 */
:ifadef BENCH

asm(” JSR 0"}
-endif

* wake ap */
dsec = EVALTINE;
adoni)

——

* load sleep instruction at 0 and enable sleep mode */
;op_enabie(){

char *pl;

pt = {char *) 0;

*pl = Oxef;

ple=:

*pl = Ox39;

asem{” SET™);

asm(” TPA™)

asm{” ANDA =37F7Y;

asm(” TAP™Y;

ssmf” CLI™;

® turn on the a/d converter */
don(}{

H11OPTION |== 0x80: /* powerupa. d*;
_HUPORT.\ == 0x10; ° power up wrists circait */

adflag = 1;
}

® turn off the a,'d converter *

{8t}
HILOPTION k= 0x’F; /® power down 3 4 ¢/
HIIPORTA &= 0xZF; /* power up wrists circuit */
adfag = 0;

+

i

* turn off power 10 the radiv */
fofTY
HIIPORTA == 0x20;
key(l);

v
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turn on power to the radio */
n(N

key(0}:

H11PORTA &= Oxdf;

4

i

input 10 reconis of data from the a d converter *
datai}

adnow = 1;

do ¢
asm/(” SET™Y,
didtrans = 0;
asm(” CLI™y

for{npbuf=10,adnext==0:npbuf < MAXSAMPS; npbuf++}{
Uididtrans == 1'pbuf = MANSAMPS;
while{adnext==0);
pbulnpbuf’ = adval;
adnext = 0;
‘while{didtrans === 1);
adnow = 0;

3
I

def BENCH
autput pbuf to the d a converter, bench use only *
shafl}!
iJs
or(j=0; j< 1000; ;= j{

keyi0);

keytil;

frorti= 0, i < apbul; i+=){

DAC = pbuf’i + 128,

1

/

vdaf

ranemit PPA packet *
pai
aildpakitpakbaf,"PPA");
endpak{tpakbul),

wild a packet for tranemission *
dpsk(tadhar *t, %]
trepy(t,""A7Y

tos(PMCID 142},

treat(t,”.");
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streat(t,s);

}

* §ad the end of a siring */
har *strend(s) char *s;{
while{"s}s+~;
returnis);

* encode and transmit a PSS packet */
opss{}{
evilag = 1;
dsec = EVALTIME;
asm(” SET™);
offw = ad_offw;
batt == ad_batt;
asm{” CLI™}
strepy(pkmess, PSS 7);
pknun.(evaum);
pkaum{offw};
pknum(hrate);
pxnum{mocount);
pkanumibatt);
baildpakitpakbaf,pkmess);
sendpakitpakbul);
didtraas==1;

}

.

’ eacode 3 numbe~ and add it to the
end of the packet under construction */
tnuminj int »;{
iwalnstrend{pkmicss));
streat{phmess,” 7);

}

" sutput & packet to the radio transmitter */
ndpakipk) char *pk!

int i

chor *phtoc();

p = pk;

for(i = 0; *p, peaji == |+ *p;

i ko= Oufl,

*p ~e htoc(i o 4);

e

*p = htoe(i & Oxf);

P‘n‘-:

.p i, loi
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A ————— e i -+ e w -

p=i
lp — 3y
p-i
$no= 0
key(1):
decount = 10:
while(dcount}:
p = Pk;')
piprc(’
okp .t X"
while(*p)i
pkpute(*pj;
P+
}
pkpute(’ ');
pkpute(’ ');
key(0);

;

]

“* sutput a character to the radio transmitter ',
piputcic) rhar ¢if

whiie/ (H71SC3R & Ox80) === 0);

H11SCDR = ¢

!

/* got & character from the radio receiver */
pkgete(}{
while((H11SCSR & 0x20) === oY,
resarn{l{11SCORY;

!

/% clear the input packet buffes */
pkelese(}
pakptr = pkbuf’pinl;
chksum =< 0;
retate — O
}
/% service the proximi.y receiver ‘aterrupt *
.mod? .. vend INTINTI)
l'prox8ay)!
prosflag —~ !
stompfiag ~ 1,
sam(’ CLI")
HI19CCR2 = 92C,
edan(),

- s e - ——
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/* send PPA packet */
doppa(};

evflag = 1;

didtrans = 1;

asm(” SEI");
proxflag = 0;

asm{’ CLI™;

¥

* key the radio transmitter */
ey(i) int i;{
if(i == 0)H11PORTA |= 0x08;
eise HI1IPORTA &= 0xF7;
}

* service the serial interface receive interrupt */
* SCIINT is entered when a character is received ¢/
-mod2.._ void SCIINT(}{
int ¢;
chas *s;
¢ = pkgete(};
/* fnite state machine {or packet construction */
switch{rstate){
case O:
/* look for packet start character ~ */
ifle == ")
*pakptr++ = ¢;
chksnz, == ¢;
rstate = |;
}
break;
case 1:
/* look for second start character A */
if{c nm== """break;
Mle == A'Y
‘pakptres == ¢;
chksam s ¢
retate == 2;
peount =: 50;
]
olee piclear();
beeak:
cane 2:
e == ")
phelear();
*pakpires = ¢
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chksum = ¢;

rstate = 1;

}
/* look for packet end charm”\rs */
else if{(c == "0) || (¢ ==

*pakptr = 0;
s = pakptr;
$--; 8--;

rchksum = xtoi(s);
chksum -= *s+-;
chksum -== *s;
ckksum &= Oxf;
if(chksem === rchksum){
pin == {pin + 1) & PMASK;
pkelear();
if(daemonflag == 0){
dopacket();

}

)
/

eise!
pkclear();
asm({" CLI™);
!
)
/* add a character to the packet */
else {
iff(pakptr >=« &pkbafipini'49i) || (peount === 0))pkclear();
else(
*pakptr++ == ¢;
chksum += ¢;
}

}
break;

}

/* process input packet */
void dopacket(){
char *s,num.10};
int ndigit,id;
asm(” SEI");
daemonflag == |;
while{pin '== pout){
am{” CLI™);
/* procecs pkbufipout; */
s = pkbullpout|;
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for(ndigit==0; isdigit(s(ndigit])&& ndigit < 9; ndigit++)num{ndigit|=s|ndigit};

numindigit] = ' ’;

id = atoi(num);

if(id == PMCID [} id == 0){
s = s + ndigit + 1;
do {

stompflag = 0;
if{dsec < SLEEPYTIME)dsec = SLEEPYTIME;
/* recognice request for status */
if{strnemp(s,"CSS",3) === 0){

iftadnow || {s/4] == "T"))dopss{);

else reqpss = 1;

}
}while{stompflag);
}
asm(” SET");
pout = {pout + 1) & PMASK;

}
daemonflag == 0;
asm(” CLI™);
}

/* service OC1 (real time clock) interrupt ¢/

—mod2_ void OCIINT()
HI1TFLG1 = 0x80;
H11TOC1 +== 0x9¢40;
F11COPRST = 0x55;
H11COPRST = Oxaa;

clk50++;
/* activate a/d conversion on odd clo b ties */

U{adBag && (clk50 & 1))
H11ADCTL = 0x10;
while(HI1ADCTL & Ox80 === 0);
adval = (int)I[{11ADR1 . 128;

#ifdef BENCH
/®* DAC == H11ADR1 ; */
#endif
adnext = 1;
sd.offw = HI1ADRZ,;
ad.batt = HI1ADRY;
}

if[cik30 > 50){

¢lk30 = 0;

———y
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if(dsec)dsec—;

}
if{deount)dcount--;
if(pcount)pcount—;

1
J

/" service COP interrupt */
—mod2__ void COPINT(){
asm(” JMP $C000™);

}

/® set up interrupt service routines */
void int_setup(){
—mod2._ void OC1INT();
—mod2.__ void INTINT();
—mod2_. void COPINT();
~—mod2__ voia SCIINT(};
void VECTOR();
dcount == 0;
pcount = 0;
VECTOR(OCI1INT,9);
VECTOR(INTINT.14);
VECTOR(COPINT,17);
VECTOR(COPINT,18);
VECTOR(SCINT,0);
H11TOC1 = 0;
H11TMSK1 | = 0x30;
}

/* set up serial interface */
‘ty-setap(){
chksam = 0:
rehksum = 0
ratate = Q;
HIISCCR1 == 0,
H11SCCR2 = ox2C;
HIIBAUD = 0x35;
HI1DDRD == 2;
HI1IPORTD = 0;

finclude “hex.-"
finclude "Siter.c”
finclude “sigproc.c”

20




* hex.c program

* convert hex ascii string to integer */
woifs)char *s;{

int i;

i==ctoh(si0l);

i ={i<<4) | ctoh(sil});

return(i);

"* convert hex ascii digit ‘o integer */
toh{cl)
nt ~1;

if(c1>96)c1==c1-32;

cl==¢1-48;

if{c1>9)c1=c1.7;

return(cl);

'* convert integer to hex ascii character */
-har htoc(i) int i;{

char h;

h=1-+'0;

h >0 +=T7;

return{h};

}
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/* filter.c program */

/* find the median value in a buffer */
median(buf, n) int *buf; int n; {
ini i, j, m, tmp;

m=n/2
for(j = n; j > m; j~){
for(i == €; i < j - 1; i++){
if(buffi] > buffi + 1}){
tmp = bufli!;
buffi] = buffi + 1|;
buffi+1} = tmp;
}
}
}
retura(buf{m]);
}
/* 0.5 HZ high pass filter */
#define HPWIDTH 10
hpf() {

int i,j,sum;

for(i-=0; i <npbuf - HPWIDTH; i++){
sum == 0
for(j=0; j<HPWIDTH; j++) sum += pbufli+j];
pbuflij -== sum / HPWIDTH;
)
deiay == delay + HPWIDTH;
npbuf .== HPWIDTH;
}

/* 4.0 HZ low pass filter (FIR) */
It
static int ¢/25] = {0,0,0,0,2,2,-1,10,-12,4,37,76,94,
78,37,4,-12,-10,-1,2,2,0,0,0,0};
int i,j,sum;
for(im13; | <(npbuf- 12); i++){
sum s 0;
for(j == 0; j < 25; j++)sum == sum + (pbuf'i-13+j! * ¢'ji};
pbufii-13] == sum >>8;
}
npbuf -== 25;
}
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/* sigproc.c program */
#include "sigproc.n”

getrate(){
delay = 0;
_mocount = doseg(100,0,npbuf,mseg,&nmseg);

,* CONSIDER DATA SEGMENTS UNDER 5 SEC. LONG AS MOTION */
/* TRIM AND LERO-OUT MOTION SEGMENTS */

s1{0);
/* FILTER DATA - FIND AVERAGE VALUE */
pf():
hpf();
val = avgval();
#ifdef BENCH
sprintf{line, avgval %d", val);
/¢ sendpak{liney*/
#endif
/* REPEAT WITYH NEW THRESHOLD LEVEL */
iflval <1}
if{_mocount === 0)_hrate = 0;
eise _hrate = -;
}
else {
level = getlevel{) * §;
if{level < 25)level = 25;
if{level >75jlevel = 73;

shift{mseg,nmseg);
£11(80);
~mocount = _mocount + doseg{level,0.npbuf,mseg,&nmseg);

seglen == maxmseg();
iffseglen > 125){
countgood == stack(1);
trim{);
g0y,
#ifdef BENCH
aispbufl});
sendif
acorr{);
if{.hrate > 240)_hrate = .2;
}
else!
-urate = .];

}
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if{-hrate <= O)kountgood = stack(0); /* reset countgood to 0 */

if(_hrate <= Ojcountgood = stack(0};
if(-hrate <= O)countgood = stack(0);

}

getlevell){ /* find median value of signal */

int 1,*b,j,n;

b = (int *)rdata;

for(i==0; i < nmseg; i++}

if(mseg(i].on){

n = mseg|i].6n - mseg[ij.strt + 1;
for(j=0; j<n; j++)b[j] = abs(pbuflj+msegii]..trt]);
return{median(b,n});

}
}

shift(ms,nm)struct segment ms(j; int nm;|{
int i;
for(i==0; i<nm; i++){
ms(i].strt = (msiij.stre - delay) > 0 ? msiij.strt - delay : 0;
ms'i}.in = (ms{il.fn - delay) > 0 ? ms!i}.fn - delay : 0;
}
}
maxmseeg{){ /* calculates maximum segment length */
int i;
for(i=0; i < nmseg; i++)
if(mseg ij.on)return(mseg|i].Bn - mseg ij.strt « 1);
return(0);
}

/* 811 in val when mseg;i].or = 0 (of-scale) */
/* trapescidal window on-scale segment °*/
Sli{val) int val; {
int 1,j;
for(i=0;i< nmseg;i++){
if (msegiil.on ==n 0) for (j=rmeeg/i].strt;j<==msegiii.fin;j++) pbuflj] = val;
else pwindow(maeg|i].atrt,mseg|i|.fn- moeg il stet+1);
]
}

trim{){ /® trim ends of data segments ¢/
int i,j;
for(ime0;i<nmseg;i++)(
if (meegi].on){
} = meegiil.atrt;
if{pbuflj] > 0)for(;j< mmeeg ij.Bn L& pbuf'j’ = 0:j+ +) pbuf'j] = 0;
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iffp  5j} < 0)for(;j<=msegli].fin && pbuflj] < 0;j++) pbuflj] = 0;
mseg 1 strt = j;

j = msegil.in;

if{pbufij; > 0)for(;j>msegil.strt && pbuflj] > 0;j--) pbufljj = 0;
if(pk *7j; < 0)for(;j>mseg il.strt && pbuflj] < 03j--) pbuflj] = 0;
mse;, . .4n = j;

}

—

1

3

avgval{}{ /* retwrns average value of data segment */
int i,sum;
for{i=0,5um="0;i* npbufji++)
sum = sum + abs{pbaffi]);
return(sum / nptuf);

}

/* based on value v, determines on and off scale segmants */
doseg(v,a,b,s,n) int v.a,b; struct » 3ment si}; int *n;f
int i,on,ns=g,:ew;
int atrans;
ntrans = 0;
nseg == 0;
*n = 0;
3{°n strt = a;
on = (pbuf'aj < v)&&(pbufiaj > -v);
s{*nj.on = on;
*a = 0;
nseg = l;
for{i=a~+1; i < b; iv=}{
nseg++;
new = {pbufli] < v)&&(pbufli] > -v);
iflon && 'new){
nitrans<+-<+;
if(nseg > 125){
3:°nl.fin = i-1;
{(*nje=;
$:%n strt =
on = new;
3{°ni.on == on;
nseg = 1;
}
else {
on = pew;
$.°n..0n »= on;
i(*a > o)
if(s{*n -1].0n === on){

(*n)-;
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nseg — nseg + s{‘n}.ﬁn - s[‘n}.strt +1;

if(new &% 'on)!
ntrans—-;
s{*n}.6n = i-1;
(*n)+=;
s{®nj.strt = i;
on = new;
si*nj.on = on;
nseg = 1,
}
}
si®nj.fn = b-1;
if(s{*nj.on &% nseg < 125 && *n > 0)
if{s{*n -1].on == 0){
(*a)-;
si*nj.fin = b-1;
}
(*n)=~;
return{ntrans);

}

window(s,n}{ /* trapesoidal windnw used on data segment */
int i;
for(i==0; 1<25; i++){
pbufii+s] = (pbufli+s]®i )/25;
pbufin-i-1+3; = {pbuf'n-i-1+s{*i)/25;
}

t{pz,pi.m,n sign) /® integer FFT ¢/
mg int *pr,*pi;
it m,n sign;{

static int icoo"ll} . {0.-1024,0,723.946,1005,1019.10’.’3.1024.10'24.10'24);
static int bia{ll] = (0,0,1024,723,192,200,100,50,28,12.8};

long int ur_n,d,uin,wr_n,wi_ntr_n.ti_n;

long int pitwg,primp;

int i,j.k,Lav2,nml,ip,lel le;

tml=2n.l;

avl=2n >,

=0

d=:1024;
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for (i=0; i<aml; is+) {
if(i<j)
swap{pr—ipr~j);
swap(pi~i.pi~j);
H
for(k=nv2ik<=ji—j-kk=k>>1};

=k

for (l=1; l«"==m; 1~~)},

e =1}

ol = le>>1;

ur.a = 1024;

aba = 0;

wr_a = icos l;

win == isin ¥ * sign;

for {j = 0: ] < lei; ju+=)!

for (i==j;i<m;i+e=ie)

ip==i=«lel;
teon = prip *ur_n-piip *uia;
tia = piip *ur.a + prip’ * uin;
primp = pri << 10;
pitmp = pii’ << 10;
prip, = (primp-tr.a)>>10;
Pi'ip = [pitmp-ti_n)>>10;
pri. = (prtmp=tr.n)>»10;
pii. = [pittap~tia)>>>10:
|

i
tr.n s ur.n;

» J * i A
ur.a = (ar.a’wr_a - uia®wia)> +i0:
ui.A = itr_a’win « giin’wr_a)l 010
i

Al
i
if [sign == 0) return;
for {i=0; i< a; iv+)
:
Pri = pri - -m;
Pri o pri - om,

i
i

ywap -x.py) iong iat ‘pr, py:e
long int Lemp:

temnp = .Dli
‘pr = *py;

‘oY =~ temyp;
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) | /* caleulate spectrum of signal */
nt a,p,i,j0;
ong int *ppr *ppi,max0.tr,ti,a,b;

‘def BENCH

sng mfact;

adif

sri=0neonpbafi—~=} rdatai = pbur:;
srtiz==npbufii< 258:i~+) rdatai = 0;

o iz=0i< 258 1+ idata il = 0;

pr == rdata;
pi = idata;

Lppr.ppip.a,-l);
phuf = 128;
=z 129;

spfim 0uie i - * caiculate spectrnm *

ir = rdata

tt = idatai;

rdatai’ = {tr®er « i) > 6,

datai = 0

} A

sdspec(); /® Update and load new dats into */

, * storage arrays for periodngran averaging */

o perinaor am sveraging
i lcountgond -~ = V!
i
+lse \f lcountgond = == 2}
fre(i—~0.i- 45, i+ e}
rdatas = {rdata i +9pec i ) - - 1
}
i
elsa if Lonntgrwd ~ — 37
forti—0, - 45, a1¢ <}
rdata s« [spec ) i 4apec ?  crdata )Y,
i

nd of perirdogram averaging *.

8é [requency Lhere peak f spoctram owears *
ot search ‘o 30 to 240 bpm ¢/

a0 - Oy

-0
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for{i==3; i<42; i++}{
t{rdata’i-l] < rdatali] && rdatalii >= rdatai+1; && rdatail > max0){
max0 = riatai;
0=

3
K

'® cal:ulate heart rate based on that frequency */
a = rdata jO] ~ rdata’jO-1] + rdata’jO-1’;
b =: (long)rdata’j0:*j0 + (longjrdataio-1’ ® [jO-1) + (longlrdata’;0+1! * (joO+1);
b= (b*10)/ a;
~hrate = (b * 75) / 128;
if{max0 < 35C)_hrate == -4; /* -4 means spectrum is too small */
/® a check to omit low heart rate answers for short data segments */
iff{_Srate < 49 && seglen < 167) || (LArate < 43 & seglen < 192)
| (Lhrate < 37 && seglen < 210)) hrate == -§;

sifdef BENCH
1 = max0;
sprintf{line,"max0 53d°,i);
/“sendpak{line};*/

fendif

tifdef BENCH
mfact == max0Q / 128;
for(i==0:i<niie+) {
pbafl’i, = rdata’ii / mfact . 100;
Hpbafil < Olpbalil = 0
;
tendif
H
sadepec|}] /® updating saved spectrams */
int i
for (1= i 45, i+ )i
spec 1 i e wper 1 0
spec 1 ) mr oppec N
tper 0 1 = raatan’;

i

}
tark{i}int iif  * rounter toutine to wpdate */
A rem; . * mumbet of good date segments */
X
82 - s},
3] = i

sem = sl + 42 & o
returs sum;
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1. SCOPE

1.1 Identification. Thie Software Requirements Specification establishes the require-
ments for the CSCI identiied as Hand Held Monitor Soitware, HHM-CSCI.2, of the
Personal Monitor and Communicator, PMC-SYS.1, System.

1.2 Purpose. The Personal Monitor ard Communicator System provides a means of
remotely monitoring the heart rate and body motion of a soldier. The HHM-CSCI.2
drives the hand held monitor. This unit consists of a 2-way radio link, a microproces-
sor, and a LCD display. After receiving a digital signal, the software processes the infor-
mation and displays the computed heart rate of the monitored soldier.

1.3 Introduction. This document provides detailed and complete specifications of tae
software developed to drive the hand held monitor unit of the Personal Monitor and
Communicator Systemn.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown form a
part of this specification to the extent specified herein. In the event of conflict between
the documents referenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military
MIL-S-83490 Specifications, Types and Forms

STANDAKDS
Military
DOD-STD-2187 Defense Systemn Software Development
MIL-STD-483A Configuration Management Practices For
Systems, Equipment, Munitions, and Computer
Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government Documents. The following documents of the exact issue shown
form a part of this specification to the extent specified herein. In the eveat of coaflict
between the documents refeionced herein and the contents of this specification, the con-
tents of this speciflcation shall be considered a superseding requirement.
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OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.
Digital Signal Processing
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Language
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1978

Introl C MS-DOS Host Guide Version 1.0
Introl Corporation, Milwaukee, Wi, 1987

Motorola Semiconductor Technical Data
Advance Informatioa for the MC8SHC11AS8
HCMOS Single-Chip Microcomputer
Order number MC68HC11A8/D
Programmer’s Reference Manual
M6SHC11 HCMOS Single-Chip Microcomputer
Order number MESHC11PM/AD

3. REQUIREMENTS

3.1 Programming Requirements.

3.1.1 Programming Languages. Two programming languages are implemented for this
CSCI. The languages are C and Motorola 88HC11 assembler.

3.1.2 Compiler/Assembler. The C compiler is written by Introl Corporation and is ver-
sion C-11 of the Introl-C Cross-Compiler Systems series.

3.1.3 Programming Standards. Structured programming techniques are followed.

3.2 Design Requirements.

3.2.1 Sizing and Timing Requirements. The CSCI uses all of the memory availatle in
the RAM. [In addition, the CSCI uses 6810 bytes of PROM. The CSCI processes

incoming data at 2 rate of 300 baud (real time serial communication).

3.2.2 Dengn Standards. Development of this CSCI follows the design standards of the
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William A. Hillenbrand Biomedical Engineering Center.

3.2.3 Design Constraints. The CSCI is limited by available memory 1nd the implemen-
tation of integer math.

3.3 Interface Requirements.
3.3.1 Interface Relationships. See interface block diagram {Figure 1).

3.3.2 Interface Identification and Documentation. See interface identification table
(Tabie 1.)

3.3.3 Detailed Interface Requsrements.

3.3.3.1 CSCI-to-CSCI Interface Requirements. This section is not applicable to this
specification.

3.3.3.2 CSCI-to-HWCI or Critical Item Requirements.

3.3.3.2.1 Volitage Reference Interface.
a. Signal Direction. See interface table (Table 2).

Signal Format. The signal will have a numerical value in the range of 0 to

255. Signals with values greater than or equal to 68 indicate the HHM bat-
teries are iow (< 4.5 volts).

Memory Buffer And Location. This section is no! applicable to this interface.

d. Transfer Protocol. A value of Ox10 (Ox indicates the number to follow is hexa-
decimal) is sent to the A, D contro! register, HIIADCTL. When bit 7 of the

register goes high (1) register H11.ADR3J is read to determine the voltage level
of the HHM batteries.

e. Imitiation Condition. See interface table (Table 2).
f.  Priority Level. This section is not applicable to this interface.
g Ezpected Response See interface table (Table 2).

3.3.3.2.2 Digital RF Transcerver Interfaces.
a. Signal Direction. See interface table (Table 2).
b.  Signal Format. The transmit data interface (IF DRTD) sends one message.
The format of this message, a request for soldier status {(CSS), is shown in

Table 3. The receive data interface (IF DRTE) is capable of receiving two
messages. The formats of these messages, PMC positive acknowledge (PPA)

- —
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and PMC soldier status (PSS), are given in Tables 4 and 5.

Memory Buffer And Location. The memory buffer necessary for the digita! RF
transceiver consists of one 200-byte output buffer, “tpakbuf,” ard one 50-byte
input buffer, “pkbuf.”

Transfer Protocol. Serial communication i3 used in both the transmit and
receive data protoculs. To transmit a message, the serial communication
status register, H11SCSR, is polled until the transmitter-ready bit goes high
(1). The character to be transmitted is then written to the serial communica-
tion data register, HI1SCDR. To receive a message, the serial communication
receiver interrupts the processor when a character ig received. The interrupt
routine implements a finite state machine to recognize valid packets.

Initiation Condition. Table < indicates general conditions for the initiation of
all three signals pertaining to the digital RF transceiver interface. The DRTD
interface can send one message, the CSS message. The digital RF transceiver
will broadcast this message to the activated PMC. The DRTE interface
receives two messages, the PPA message and the PSS message. The PPA
message is received after the HHM has activated a selected PMC. This raes-
sage verifies the selection and activation. The PSS message is the PMC's
response to a prompt from the HHM for information.

Priority Level. The receive data and the {ransmit data sequentially alternate
having the highest priority.

Ezpected Reeponse. Table 2 shows the expected responses for all three signals.
The receive data interface (DRTL IF) is the only interace with timing restric-
tions. The DRTE interface receives and processes characters only when a
message is expected. The maximum response time per character is approxi-
mately 1/30 second which is the time necessary for character transmizsion at
300 baud. If incoming characters are not responded to in time, then the
receive character buffer will he overrun causing the character to be lost. The
message will need to be retransmitted. This is not fatal unless characters are
lost in every packet.

Dhsplay Interface.
Signal Direction. See interface table (Table 2.
Signal Format. The display signal is based on digital logic levels.

Memory Buffer And Loeation. The memory bufler, vatiable “line,” consists of
80 bytes. The message strings displayed are stored in PROM. [1 additien,

the registers DISPLAY and DISPDAT occupy two consecutive memory loca-
tions. '

~
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Transfer Protocol. Data may be written to either display register, DISPLAY
or DISPDAT To write a byte of data. bit 7 of the register DISPLAY is polled
until it goes high (1). Then the data byte may be written to either register.

Instiation Condition. The interface is initiated when the HHM receives an
activate signal, either PMC message (PPA or PSS), or a low battery voltage
message. See interface table (Table 2).

Priorsty Level. This section 13 not applicable to this interface.

Ezpected Response. See interface table (Talle 2).

Activate Switch Interface.
Signal Direction. See interface table (Table 2).

Stgnal Format. When the activate switch is pressed, a digital input signal is
transmitted to bit 2 c¢f Port A of the 68HC11.

Memory Buffer And Location. This section is not applicable to this interface.

Transfsr Protocol. The digital input signal from the activate switch is polled
50 times a second by an interrupt routine driven by the real time clock.

Initiation Condition. See interface table (Table 2).
Priority Level. This section is not applicable to this interface.

Ezrpected Rosponse. See interface table (Table 2).

Prozimity Transmitter Interface.
Signal Direction. See interface table (Table 2).

Signal Format. The signal sent by CSCI.2 to the proximity transmitter is the
digitized output from bit 5 of Port A of the 88HCI11.

Memory Buffer And Location. This section is not applicubie to this interface.

Transfer Protocol. To activate the proximity transmitt.r, bit 5 of port A is
set to high (1) by CSCIL.2.

Initiation Condition. See interface table (Tab!» 2).
Priority Level. This section is not applicable to this interface.

Erperted Response. See interface table (Tabie 2).

Real Time Clock Interface.
Signal Direction. See interface table (Table 2).

Sigaal Format. The signal is an interrupt that is emitted every 20 mil-
liseconda.

Memory Buffer And Location. This section is not applicable to this interface.

1
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Transfer Protocol. This section is not applicable to this interface.
Initiation Condition. See interface table (Table 2).
Priority Level. This section is not ag - ‘icable to this interface.

zpected Response. '[he system’s signal causes internal interrupts at 30 Haz.

"L zenerated interrupts are pecessary for tae A /D conversions, the battery

veitage checks, and the functions which use elapsed time counters and count-
dov'a timers. See interface table (Table 2}.

3.4 Detatled Functional and Performance Requirements.

3.4.1 Power Up Initializat:on Function.

3.4.1.1 Inputs. The function has 1 input which is the power up reset. The reset serves
as a hardware and software initialization. See the table for the power up function input
{Table 8! for additional information.

3.4.1.2 Processing.

a.

Intent. This function initiaiizes the 68HC11 microcomputer hardware, the
interrupt vectors, and the nrogram variables.

Parameters Affected. No parameters are affected by this function.

Sequence and Timing. The six independent initislizations in this function are
described as follows. All program variables are assigned vaiues of zero. Thae
routine "key' turns off the key line to the transmi'ter as soon as possible sir.ce
the initiai hardware power-up causes the transmitter to be koyed. Rottine
“int_setup” initializes the interrupt vectors for the interrupt routines OCIINT,
INTINT, and COPINT. The routine also initializes output compare 1, and
enables the timer interrupt. Routine “tty_setup” has a three foid purpose.
The routine sets the serial interface for one start bit and eight data bits

(HI1SCCR1 -= 0), enables the transmitter, receiver, and receiver interrupt
fHihe 2 = 20, and eets the baud register for 300 baud (H1IBAUD
x25 e routine “adon” turns on the A, D convertor. The LCD display is

initialized and cleared by the routine init.disp.”

Error Detection and Recovery. This function contains no error detection and
recovery software,

Restrictions or Limitations. No reatrictioss or limitations pertain to this func-
tinn,

Alloeation of C'SCl Performance Requirements. See furction bleek diagram
{Figure 2).
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3.4.1.3 Outputs. The function kas !4 initialized outputs. The flag "adBag” is set o 1 o
indicate the A/D converter is enabled and the flag "actflag” is set to 0 to show that no
PMC has yet been activat>d. The initializing subroutine “pkelear” clears the butfer area
necessary for packet construction. The variables "pin” and "pout” are input and output
ndex pointers set to the location of the stored packet information. The user is
aformed the unit is atlempting to activate a PNC by the output rnessage sent to the
LD aispiay. The other 8 outputs are hardware oriented. The baud rate rec.ster,
HIIBALD, is set for a rate of 300 baud. The port D direction register. HIIDDRD, is
niiialized 0 2. The A D converter, via the HI1OPTION register, is powered up. The
xey line, HIIPORTA (bit 4), is set inactive. Both the serial interface register,
H113CCRI1, and the outpu: compare ! register, HI1TOCI, are sleared. And the serial
nterface interrupt, H11SCCR2. and the output compare interrupt, HIITM3IK]1, are
:nabled. See the table {or the power up function output (Tabie 7) for additional infnr-
T:ation.

3.4.2 Main Monstor Function.

3.4.2.1 Iaputs. The funciion has 7 ‘nputs. The variable "adval” contains the battery
‘oltage reference. The va-iable "id” stores the ident fcation code of the PMC 'with
vhich the HHM is communicating. The register status 1adicates whether the expected
nformation parket has heen received. The two countere are "deount”, which is a gen-
'ral ¢ nter and “etime”, which indicates the lime elapsed between H'IM-PMC com-
nunications. The flag "act#ag” shows whether the PMC has been activated. The struc-
ure {record) apo ' contains all of the decoded packet information. See the table for
Le main monitor funstion input (Table 8) for additional information.

1.4 2.2 Processing.

a. Intent. This function monitors the artivate button of the HIHM which powers
up a PMC  When the button is pressed, the main mori sr executes the
activation sequenca for the PNC, Once the PMC is activated, the main moni-
tor requests and displayy the PMC st-*; every 15 iwconds. This procesq is
teerminated when another ac® Jaaon request s receivs d, untecaveratie conn-

moancation ereors oo, o the HHM is turned off.
b DParame’se. Affeeted. No parameters are aflected by this funetion.

e orquence and Timing, Tle function is a continuous j00p which checks the
HHM artivate button. Preasing the button activates the PMC and the evalua-
tion waquetice is begun, The swequence, which i3 reprated every 15 seconds,
conmista of requesting PN statua information and Jdisplaying the resuits on
the HHM See the tiun monitor Qow chart (Figure 3) for additionai detail
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d. Error Detection and Recovery. If errors are detected while trying to activate
the PMC or attempting to receive the PMC status then the following pro-
cedure is performed. The attempt is retried up to 10 times. The time delay
between retries varies as the delay depends on the retry number. If after 10
tries the communication is unsuccessful, then all attempts cease. It is up to
1e user to Lry again.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

v

Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.2.3 Outputs. The function has 8 outputs. The variable "retries” stores the number
of attempts wkich have been made to establish a vommunication channel between the
HHM and the selected PMC. The variable “id” contains the PMC's identification code.
The two counters iaput to the function, "etime” and "dcount” are updated and passed
on %o the time keeping function. The flag, "actflag,” shows the activation status. Mes-
sages are iransmitted to the LCD display from this function to keep the user iaformed
of *he commugication status. See the tabie for the maiu monitor function output (Table
9: for additional information.

3.4.0 Clock Interrupt Funection,
3.4.3.1 Time Keeping Function,

3.4.3.1.1 /nputs. The function has 4 inputs. The clock interrupt provides for accurate
time keeping. The general rounter “dcount” is used to time delays while the counter
“etime ' is used to measure elapsed communication time. And the flag "actflag” indi-
cates if a PMC has been activated. See the table for the time keeping function input
{Table 10) for additional informatior.

3.40.3.1.2 Processing

a.  Intent. The lunction provides a regular interrupt at a frequency of 50 Hi for
various time keeping functions,

b, Parameters AfJecied. The outpul compare 1 register of the 88HCLL \a con-
tinuously updated to permit an interrupt o accur every 20 miliiseconds.

e.  Sequence and Timing. Initially, the first timer intertupt flag register is cleared
by writing xR0 to the HITTHLGL register. Then the HILTOC! register ie
incremented by Ox9c¢40 to creatle an interrupt at the end of 20 milliseconds.
The computer operating properly timeout intereupts are prevented by assign.
ing the values Ox5 and Oxaa to the HIICOPRST register.  The counter
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variable "clk50" is incremented. If the variable reaches a value of 50, then the
counter is reset. The down counter "dcount” is decremented Ly one if the
counter has a value greater than zero. The counter variable “etime” is incre-
mented at one second intervals.

d. Error Detection and Recovery. This funct.on contains no error detection and
recovery software.

e. Restrictions or Limitations Mo mestrictions or limitations pertain to this fune-
tion.

f.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.3.1.3 Outputs. This function has 3 counters, 1 Jag and 3 hardware oriented ou‘’puts.
The counters are "dcount,” "pcount” and “etime” which are the two general counters
and the elapsec time counter, respectively. The flag "actfag” indicates if a PMC has
been activated. The register HI1TFLG1 clears the interrupt flag. The register
H11TOC1 is loaded to provide an interrupt rate of 50 Hz and H11COPRST is set to
reject CCP timer interrupts. See the table for the tirne xeeping function output {Table
11) for additional information.

3.4.3.2 A.D Conversion Function.

3.4.3.2.1 Inputs. The function has 3 inputs. The 8ag which enables the A D conver-
sions is "adflag.” The A ‘D ronversion status byte is stored in the register H11ADCTL.
And the register HI1JADR3 contains the battery voltage. See the table for the A/D
conversion function input (Table 12; feor additional information.

dac

3.4.3.2.2 Processing.

a. Intent. This function periorms the A D conversicn of the data from the vol-
tage reference,

Y Farameters Affeeted. No parameters are atlected by tais function.

e, Hequener and Tirmag The A D conversion rate s 30 Hi. The conversion

megins by setting the HITADCTL register of the 88HCIT to 0x10 which sets

’
13
H

£ 4 of this register to 1. A conversion is complete when bit 7 of the register

wors high (1), Following the ronveraon, the \ D value is storead in the vari-
able "adval.”

d.  FError Detection and Recovery. This function contains no error detection aud
recovery software,

e.  Reatrsctions or Limitatians No restrictions or limitations pertain to this func-
tion,

-
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f. Allocation of CSCI Performanece Requirements. See function block diagram
(Figure 2).

3.4.3.2.3 Outputs. The function has 2 outputs. The variable "adval” contains the vol-
tage reference. The register HIIADCTL is used to trigger the A/D converter. See the
table for the A D conversion function output (Table 13) for additional information.

3.4.4 Serial Recesve Interrupt Funetion.

3.4.4.1 Packet Construct Function.

3.4.4.1.1 Inputs. The functi>n has 7 inputs. The variables “pin” and "pcut” are input
ind output index pointers used in storing packet information. The variable “pcounc” is
s geperal timer used for delays. The initializing subroutine "pkclear” clears the buffer
irea necessary for packet construction. The serial receiver interrupt indicates the signal
‘eception of a character by the digital RF transceiver (DRT). The register H11SCSR
tores :he stalus byte from the serial receiver. And the register H11SCDR contains the

eceived character. See the table for the packet construction function input (Table 14)
or additioral information.

+4.4.1.2 Processing.

a. Inteat. This function accepts input characiers from the serial interface and
at’empts to construct a legal packet from the characters.

b.  Parameters Affected. No parameters are affected by this function.

e, Sequence and Timing. Packet construction is accomplished by a finite state
machine. Figure 4 shows the necessary flow with the variable "rstate” holding
the current state of the machine.

f2 9

Error Detectson and Recovery. An error routine checks the validity of the
transmitted packet. The routine sums the characters in the packet to get an 8
bit rhecksum. Then the Jast two characters in the packet, which are a hex
ASCI representation of the checksum, are decoded. The two checksums are
corapared and if they are not equal then an srror occurred during pacicst

tragsimission. An efror results in the packet being discarded and a new ,acket
being conatructed.

e.  Restrictions or Limitations. No restrictions or limitations pertsin to this func-
tion,

f.  Allocation of C"SCI Performance Requirements, See function block diagram
(Figure 2).

4.4.1.3 Outputs. This function has 5 outputs. The array “pkbuf” contains packet

8
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information. The flag "status” indicates whether the packet transmission was successful.
Tke variables “pin” and “pou:” are input and output index pointers used in storing
packet information. The variatle "pkpt” indicates which packet is to be processed. See
the able for the packet construction function output {Table 13) for additional informa-
tion.

3.4.4.2 Input Packet Processing trunction.

3.4.4.2.1 Inputs. This function requires 4 inpuis. The array "pkbuf” is a buffer for
packet storage. The variables “pin” and "pout™ are input and output index pointers
used in storing packet information. The variable "pkpt” indicates whica packet is to be
processed. See the table for the input packet processing {unction input (Table 16) for
additional information.

3.4.4.2.2 Processing.

a. Iniext. This function decodes valid packets to determine if they are ihe type
expected.

b. Parameters Affected. Yo parameters are adJected by this function.

¢. Sequence and Timing. The packet address is decoded and stored in the struc-
ture (record) “dpb.” A check is mad to verily the packet received is the type
expected. Packet decoding coutinues if the packet is of type PSS and the
sequence number, off-wrist fag, heart rate, motion flag and battery voltage are
stored in “dpb.”

d. Error Detection and Recovery. If the packet received is not the correct type
or has the wrong address, the pacxet is ignored.

e. Restrictions or Limitations. No restrictions or limitations pertain to this fune-
tion.

{.  Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.1.4.2.3 Outputs. This Tunction has only 1 output. The output is the structure
(record) “dpb” which contains all of the decoded packet information. See the table for
the input packet processing function output (Table 17) for additional information.

3.45 Dusplay Funclion.

3.4.5.1 Inputs. The function has 3 inputs. The diaplay status is stored in the register
DISPLAY. The message to be displayed is located in the array "s.” And "lineno” is the
variable indicating the line nutber of the dispiay. See the table for the duplay funec-

tion input {Table 14) for addition s’ 1.7ormation,
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3.4.5.2 Processing.

a.

Intent. The function implements the LCD panel to display text messages for
the user.

Parameters Affected. No paramsters are afiecred by this function.

Sequence and Timing. Charac ers comprising the 11essage are sent one at a
time.

Error Det:ction ard Recovery. This functica contains ao error detection and
recovery software.

Restriciione or Limitations. The display ie limited to 2 lines of 16 characters
cack.

Allocation of CSCI Perforraance Requirements. See function block ciagram
(Figure 2).

3.4.3.3 Ouwfputs. TLe .unctior has 2 outputs. The register DISPLAY stores the display
itatus and the register DISPDAT coctains the display data. See tae tab'e for the
iispiay {inction output {Table 19) for additional information.

$.4.8 Transnut Funeiion,

1.4.8.1 Inputs. This function 3as 4 iuputs. The variable “devunt” is used as a ¢t mer for
unction deiays. The variable “id” coutnins the ident:fcation code of the selected F M.
The number of attempted retries is recorded in the variable "r." And the r.gister
({11SCSR stores the status byte from the serisl receiver. See the table for the transmit
unction taput {Tabiz 20} jor additonal information.

+4.8.2 Processing.

a.
b.

c.

Intent. Tlis function encodes and transmits valid packets to PMCs.
Piarcrseters Affectrd. No parameters are afected by this functien.

Ses ;e--e and Timing. The sequence necessary to build and trznsmit a valid
pacxes - as follows. The packet characters are encoded and stored in the
buffer “tpakbuf.” The routine “"docss” adds the packet header (“A), the
PMCID, and the id end marker () to the existing packet characters. The
entire string is stored in the buffer “tpakbuf.” Then the routine “sendpak” cal-
culates and encodey the packet’s 8 bit checksum which is added to the packet
slong witk a line feed and carriage return. Cnce the packet is built the
‘ransmitter is keyed. Following a period of 200 msec to allow the PMC

receiver to stabilize, the packet i3 sent. The transmit key line is thea turned
off.

18
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d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. The transmitter must be keyed for 200 msec
before data are sent to give the modem in the receiver the time recessary to
decode valid data.

f.  Allocation of CSCI Performance Kequiremenis. See funciion block diagram
(Figure 2).

3.4.6.3 Outputs. This function has 3 outputs. The array "tpakbuf” contains processed

information to be displayed. The register H11SCDR contains the received cbaracters

and the register HIIPORTA (bit 4) contrcls the radio power key line. See the table for
the transmit function output (Table 21) for additional infornation.

3.5 Adaptation Requiremenis.

3.5.1 System Environment. This section is not applicable to this specification.

3.5.2 System Parameters. This section is not applicabie to this specification.

3.5.3 System Capacities. This section is not applicable to this specification.

3.8 Quality Factors.

3.6.1 Correciness Requirements. The HHM CSCl is considered to be 100°C correct.

2.6.2 Relsabritty Requirements. The software has been developed to consistently pro-
vide meaning/ul resuits regardless of the input signal.

3.6.3 Efhciency Requirements. The CSCI uses the computer resources in & manner
which accumpiishes status cycle evaluation and reporting in less than 15 seconds.

3.8.4 Integrity Requirements. No contro) against unauthorized access to operations anda
data 2xists in this CSCIL

3.8.3 ['sabsiity Roquirements. The CSCI devign assures the HHM is as simple to use as
possible. (nce the HIIV unit is activated, the CSCI provides all necessary operation
instructions cn the LCD display.

3.8.8 Maintainadiiity Requirements. The maximum effort necessary to locate aid fix an
error should not exceed 2 human work weeks.
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3.8.7 Testability Requirements. Testing of the CSCI should range from 1 day to 1
week depending on the data set selected. Sections of the CSCI are difficult to indepen-
dently test due to their close relationship to the hardware.

3.6.8 Flezbility Requirements. Minimal time will be required for enhancements due to
tae moduiar nature of the HHM CSCL

3.5.9 Portability Requirements. The software is portable due to the facts it is primarily
written in C and it is modular. However, since the software has been developed for a
particular microprocessor with built-in interfaces, compiications may resuit when
attempting to re-port the software.

3.6.10 Reusability Requirements. The HHM CSCI will be reusable in other applications
with minimal efort since the software is written in the high level language C and is
modular.

3.8.11 Interoperabiiity Requirements. The CSCI is not compatible with any xisting sys-
tems except for the personal mornitor communicator (PMC) and the prototype mul-
tirnonitor.

3.6.12 Additional Quality Facter icequirements. This section is not applicable to this
specification.

3.7 CSCI Support.

3.7.1 Facithity Requirements. Laboratory workspace suitabie for the equipment and per-
sonnel listed below 9 necessary. The workspace will need t¢ have standard 120 volt AC
power, temperature control for the room, a computer table, and a workbench.

3.7.2 Equipment Requirements. The following equipment is necessary:

a. [BM PC compatible computer with a serial port to talk to the emulator
{rscommmend » 3%6 aystemn with a hard disk drive)

h.  Motorola HDS-3N0 Development System with a 88HC11 emulator pod

¢, Wire-wrap prototype of PMC and HHM hardware with a digital to analog
converter for debugging and testing software during development

d. 100 MHsz bandwidth oncilloscope to monitor software fuactions
e.  Five voit DC power supply for prototype cirenit

f.  PROM programmer tu attach to the IBM PC compatible computer for pro-
gramming 27C84 and 17C256 EPROMS
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7.3 Software Requirements. The foilowing software is necessary:

a. INTROL-C/68HC11 C cross compiler for the Motorola 68HC11 microprncessor
which runs on the IBM PC compatible computer

b. MS-DOS for the II3M PC compatible computer

c. Text editor

d. Copies of the PMC and HHM source code

e. File transfer program for PC to HDS-300 communication

f.  C compiler for the IBM PC compatible computer 0 ccmpile and test the
software described in item 8 (above)

7.4 Personnel Requirements. The personnel maintaining and developing the PMC
d HHM software need knowledge in the following areas:

a. C programming
b. stand-alone microprocessor programming (MC63HC11 in particular)

¢. real time programining (interrupt handling, etc.)

3 Trareabslsty. Tlis section is not applicable to this specification.

QUALIFICATION REQUIREMENTS
I General Qualification Requirements. Testing of the CSCI on an independent basis
3 nov bheen performed. See documentation concerning testing in the Interface

wquirement Specification (A00S).
2 Specral Qualification Requirements. This section is not applicable to this
ecification.

PREPARATION FOR DELIVERY
L Preparation for Delivery. The CSCI software will be delivered in ubject ccde form
- an EPROM socketed into the HHM unit. A hardcopy of the source code can be
und in the appendix which accompanies this documentation.

NOTES

I Acronyma See acronym summary table (Table 22).
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TABLE 2. Interface summary.

A005

INTERFACE INFORMATION INITIATION EXPECTED
NAME DESCRIPTION CONDITION RESPONSE
VRFB Analog reference HHM Check A/D
voltage activated voltage reference
HWCI 12-to-CSCI 2
DRTD Transmit data HHM sending Data packet
serial communication | data packet seut by RF
CSCI 2-to-HWVCI 13 transceiver
DRTE Receive data DRT receiving Data packet
serial communication | data packet! processed
HWCI 13-to-CSCI 2
DRTF Digital RF HHM DRT
transceiver power activated activated -
CSCI 2-to-HWCI 13
DIsP HHM display HHM receives Display
CSCI 2-to-HWCI 7 activate or message
HWCI 7-to-CSCI 2 message
ACTS Activate Activate switch Activates
system pressed HHM
HWCI 8-to-CSCI1 2
PTRM Proximity data HHM Proximity receiver
CSCI 2-to-HWCI 9 activated activated i
RTCB Real time HHM powered up | Internal interrupt.

clock interrupt
HWCI 10-to-CSCI 2

or PMC activated

at 50 HZ
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TABLE 3. Request for soldier status {CSS} format.
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\ DATA LENGTH

DATA TYPE | CONTENT DESCRIPTIOUN
2 bytes ASCIH “A packet beader
1 to 5 bytes ASCI 1 to 5 digits | PMC id number
1 byte ASCIl : id end marker
3 bytes ASCII CSS packet type
1 byte* ASCII space (blank)
1 byte* ASCII I signals CSCI 1 response
2 bytes ASCIHI hex digits packet checksum
2 bytes ASCll LiCr packet irailer

»*

optional




TABLE 4. PMC posstive aeknowledge (PPA) format.

DATA LENGTH | DATA TYPE |

CONTENT DESCRIPTION
2 bytes ASCI TA packet header
1 to 5 bytes ASCII 1 to 5 digits | PMC id number
1 byte AsSCH ' id end marker
3 bytes ASCII PPA packet type
2 bytes ASCO hex digits packet checksum
2 bytes | ASCII L{Ce packet trailer

A005



TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH | DATA TYPE | CONTENT DESCRIPTION
2 bytes ASCI “A packet header
1 to 5 bytes ASCO 1 to 5 digits | PMC id number
1 byte ASCII : id end marker
3 bytes ASCh PSS packet type
| 1 byte ASCIH space (blank)
1 to 5 bytes ASCII 1 to 5 digits | evaluation count
1 byte ASCI space {(blank)
1 te 3 bytes ASCH 1 to 3 digits | off-wrist level
1 byte ASCIl space {blank)
2 to 3 bytes ASCII 2 to 3 digits | heart rate
1 byte ASCH space {biank)
1to 4 bytes ASCI 1 to 4 digits | motion count
1 byte ASCI space (blank)
1t0 3 bytes ASCII 1 to 3 digits | A/D reference level
1 byte ASCI space (blank)
2 bytes ASCH LiCr packet trailer

A00S
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TABLE 6. function power up initialization input.

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE
{ MEASURE | OF ARRIVAL | CHECK

1 Power up N/A Once when N/A CSCI 2
reset device is
turned on

XA
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TABLE 7. Function power up tnitialization output.
ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION

1 A/D conversion | N/A N/A N/A Function
enable flag A/D
{addeg) Conversion

2 Activaie N/A N/A N/A Function
flag Main
(actilag) Monitor or

Time
Keering

3 Buffer input N/A N/A N/A Function
index Power Up
(pin)

4 Buffer output | N/A N/A N/A Function

i index Power Up
{pout)

5 Initialization N/A N/A N/A Function
subroutine Power Up
(pkelear)

] Display N/A N/A N/A Function
operating Display
instructions

7 | Baud rate N/A N/A N/A HWCI 8
register
(H11BAUD)

8 Port D N/A N/A N/A HwWCl 8
direction
register
(H11DDRD)




TABLE 7, continued

Function power up initialization output.

A005

ITEM

DESCRIP-
TION

UNITS OF |

MEASURE |

FREQUENCY
OF DEPARTURE

LEGALITY
CHECK

DESTINA-
TION

A/D
conversion
(H110PTION)

N/A

N, A

N/A

HWCI 3

10

Key line
(H11TPORTA
bit 4)

N/A

N/A

]
HWCI 6

11

Serial
interface
register 1
(H11SCCR1)

N/A

HWT 6

Serial
interface
interrupt
(H11SCCR?)

HWCI 8

13

Output
compare 1

interrupt
(HITTMSK1)

HWCI 11

14

Output
compare 1
register
(H11TOC 1)

N/A

HWCI 11




TABLE 8. Function masn monitor input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Battery N/A 50 Hz No ' Function
voltage A/D
reference Conversion
(adval)

2 PMC N/A N/A N/A Function
identification ' Input
(id) Packet

Processing

3 Receive N/A N/A Yes Funetion
packet Packet
status Construction
(status)

4 General 1/50 N/A No Function
counter Seccnds Time
(deount) 3 Keeping

3 Elapsed Seconds 1/Second No Function
time Time
counter Keeping
(etime)

8 Activate N/A N/A N/A Function
flag Fower Up or
(actflag) Time

Keeping

7 Decoded N/A N/A N/A Funection
packet [nput
buffer Packet
(dpb) Processing




TABLE 9. Function masn monilor output.

ITEM | DESCRIP- | UNITS OF | FREQUENCY | LEGALITY | DESTINA-
TION MEASURE ' OF DEPARTURE CHECK TION
1 Retry N/A N/A N/A Function
number ’ Transmit
| (retries) 5
2 PMC I N/A N/A N/A Function
identification ! Transmit
(id) l
3 Elapsad ’ Seconds N/A N/A Function
time | Time
counter Keeping
{etime) |
4 General 1,30 NA N oA Function
timer ' Seconds ! | Time
(deount) | ! Keeping
5 Activate I N/A LN/A N/A Function
flag ! Time
| {actflag) | _L Keeping
! 8 ; Mesgsage CONCA ; MNA N/A Function
I for ’ | Display |
[ | display i i |




TABLE 10. Function t:me keeping input.

A005

DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE
MEASURE | OF ARRIVAL CHECK l
; Clock N/A 50 Hz N/A | HWCL 10
interrupt |
General 1/50 N/A Yes Function
| counter Seconds Main
{dcount} Monitor
§ Flapsed Sesonds | N/A Yes CSCI 2
% time t
E \ counter
i (etime) ]
| Activate | N/A PNJA N/A Fuaction
§ dag | Power Up
' (actflag) or
i ; Main
!._ [ Monitor
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TABLE 1. Function time keeping output.
v v -. . ‘ . 1
ITEM ! DESCRIP- | UNITS OF | FREQUENCY LEGALITY | DESTINA- |
TION MEASURE | OF DEPARTURE | CHECK TICN
1 | Geaeral 1,50 | NJA N/A Function
! counter Seconds Main
N | (deouznt) Monitor
2 E General 1,50 N/A N/A Function
| counter Seconds Packet
! {pcount) Corstruction
3 rElapsed Seconds LONJA N/A Funection
! time * Main
! | counter | ! } Monitor
g | letitne) ! | ! l
P4 , Activate 1 N/A PN A 1 N A Function
| ' fag | | Main
L {‘A(actﬂaz) ! | Monitor
5 ' Interrupt E NOA NSA tNA HWCT 10
; flag :
PHUTEFLGD | l
8| Timicg N A LNA N‘A HWCI 10
5 ;‘ register :
P HIITOCY) ! !
I A K - — ’ }
T Tan~ N A NA N A HWCT 10
interrupt i
(HIICOPRST) | |




TABLE 12. Function A/D conversion input.

AON5

DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE
MEASURE | OF ARRIVAL CHECK

A/D conversion | N/A N/A N/A Function

enable flag Power Up

(adflag)

A/D conversion | N/A N/A N/A HWCI 12

status byte

(H11ADCTL)

Battery N/A 25 Hz No HWCI 12

voltage

(H11ADR3)
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TABLE 13. Function a/D conversion output.

A005

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY | DESTINA-
| TION MEASURE | OF DEPARTURE CHECK TION

1 Batte-y N/A N/A No Function
voltage Main
(adval) Monitor

2 A/D N/A N/A N/A HWCI 12
coaversion
controi byte
(H11ADCTL)

39




TABLE 14. Function packet construction input.
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ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE
MEASURE | OF ARRIVAL CHECK '
1 Buffer input N/A N/A N/A Function
index Power Up
(pin)
2 Buffer output N/A N/A N/A Function
index Power Up
l (pout)
3 General 1/50 N/A N/A Funetion
timer Seconds Time
{(peount) Keeping
P4 Initialization N/A N/A No Function
! subroutine Power Up
(pkelear)
3 Serial receiver N/A N/A N/A Ci13
interrupt
6 Serial receiver N/A N/A N/A HWCI 13
status byte
(H11SCSR)
7 Character N/A N/A N/A HWCI 13
register
(H11SCDR)
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TABLE 15. Function packet construction ouiput.
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DESTINA-

DESCRIP- UNITS OF FREQUENCY LEGALITY
TIO™! MEASURE | OF DEFARTURE CHECK TION
Packet N/A N/A Yes Function
storage Input
(pkbuf) Packet
i Processing
Receive N/A N/A N/A Function
packet Main
status Monitor
(status)
Buffer input N/A N/A N/A Function
index Input
(piz) Packet
Processing
Buffer output . N/ A N/A N/A Function
index Input
(pout) Packet
Processing
Packet buffer | N/A N/A Yes Function
index Input
(pkpt) Packet

Processing

11




TABLE 16. Function input packet processing input.

A005

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK

1 Packet storage N/A N/A N/A Function
buffer Packet
(pkbuf) Construction

2 Buffer inpu N/A N/A N/A Function
incex Packet
(pin) ! Construction

3 Buffer output N/A N/A N/A Function
index Packet
{pout) Construction

4 Facket buffer N/A N/A N/A Function
index Packet
(pkpt) Construction
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TABLE 17. Function input packet processing output.

A005

ITEM | DESCRIP- | UNITS OF FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION
1 Decoded N/A N/A N/A Function
packet Main
buffer Monitor or
(dpb) Display

43




A005

TABLE 18. Function display input.

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY SOURCE
MEASURE | OF ARRIVAL CHECK
1 Display N/A N/A N/A HWCI 7
status '
register
(DISPLAY)
2 Message N/A N/A N/A Function
(s) ' Power Up or
' Main
Monitor or
Input
Packet

( Processing

!

L3 Display N/A N/A N/A Function
line Power Up or
number Main
(lineno) Monitor or

Input
Packet
; | Processing
4 Decoded SN/A N/A N/A Function
packet Input
buffer Packet
(dpb) ! Processing
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TABLE 19. Function dssplay output.

| ITEM |

DESCRIP-
TION

UNITS OF |

MEASURE

FREQUENCY
OF DEPARTURE

LEGALITY | DESTINA-
CHECK i TION

Display
status
register

(DISPLAY)

N/A | HWCI 7

(5

Display
data
register
(DISDAT)

N/A HWCI 7
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TABLE 20. Function transmit input.

ITEM | DESCRIPTION | UNITS OF | FREQUENCY | LEGALITY | SOURCE
MEASURE | OF ARRIVAL CHECK
1 General 1/30 N/A N/A Function
timer Seconds Time
{deount) Keeping
2 PMC N/A N/A N/A Function
identification : Main
(id) Monitor
3 Retry N/A N/A N/A Function
number Main
(r) Monitor
4 | Serial N/A N/A N/A HWCI 13
receiver |
status
! byte
i (H11SCSR)




TABLE 21. Function transmit output.

A005

| ITEM DESCRIP- UNITS OF ;| FREQUENCY LEGALITY | DESTINA-
TION MEASURE | OF DEPARTURE CHECK TION
1 Transmit N/A N/A Yes HWCI 13
packet
{tpakbuf)
2 Transmit N/A N/A Yes HWCI 13
packet
(H11SCDR)
3 Transmit N/A N/A N/A HWCI 13
i key line
(H11PORTA
bit 4) ;




TABLE 22. Acronym summary.

ACRONYM | MEANING
ACT | Activate switch
ACTA Activate switch to CSCI 2 interface
CSS Request for soldier status
DIS Display
DISA Display/CSCI 2 interface
DRT Digital RF transceiver
DRTD CSCI 2 to DRT interface
DRTE DRT to CSZI 2 interface
DRTF | CSCI 2 to DRT interface
| HHM Hand held monitor
PMC | Personal monitor corumunicator
PPA | PMC positive acknowledge
PTR Proximity {ransmitter
PTRA CSCI 2 to PTR interface
PSS PMC soldier status
RTC { Real time clock
RTCB | RTC to CSCI 2 interface
VRF Voltage Reference
VRFB VRF to CSCI 2 interface

A005




;* HHM program

L]
/* Purdue University
/* 1986-1989

#define HHMID 4
#include <stdio.h>
#include <hllreg.h>
#i~lude <bmec.h>
#include <terminal.h>

* ASCII constants */
zdefine LF 10
zdefne CR 13

sdefine MAXRETRIES 10
sdefine EVALTIME 15

zdefne PPA 1
#define PSS 2

gdefine PBUFSIZE 8
#define PMASK 0x07

ddefine PASSIVE 0
#define ACTIVE 1

/

struct inctl “ttyb;

char elk50;
int deount,;
int pcount,;

int etime,;

char tpakbuf 200
char rpakpufl100;

written by Jim Jones, George Grader ;

* stru-ture used to et up serial interface

A005

APPENDIX L

10. HHM 30URCE CCODE

_* HHM D number.shouid be unique */

/®* maximum number of retries */

. * time for PMC to complete an evaluation */

.

/* packet types

, % input packet buffer sige */

/* HHM monitor mode */

/* 50 HZ counter for real time clock */

/* 50 HZ down counter for general purpose timing ¢/
/® 50 HZ elapesd time rounter *,

7 huffor to canstruct packets for trarsin.asion */

char phbuf PBUFSIZE + 201001, /® huffer ta stare incoming parkets */

struct | /* hulfse ta store decoded parkete *;



char pk_type;

int pk_id;

int pk_seq;

int pk_hr;

int pk_offw;
int pk_batt;
int pk_mot;
}dpbiPBUFSIZE+2":

int pia.pout;

char *pakptr;

int rstate;
int chksum;
int rchksun;

char line:801;

/* input and output indexes for packet bufler */

/* pointer to receive packet buffer */

/* state of receive packet finite satate machine ¢/
/® check sum calculated on received packets */
/® check sum included in received packets */

/* baffer for display messages */

/® soldier status values returned from a PMC ¢/

int evaum;
int offw;

int hrate;
int batt;

int mocount;
wnt id;

char acclag;

int adflag;
int adval;

int retries;
int restart;
int done;
int mode;

/* evaluation number */
/* PMC off wrist 8ag */
/* heart rate *;
/* battery voltage */

;* motion counter */

/Il PMC D o/:
/* ACTIVATE Pushbutton flag */

/® enable A;D conversion flag */
/¢ value from A/ D conversion */

/® number of reties for communication */
/* Bags for main monitor loop */

/* monitor mode (ACTIVE or PASSIVE ) ¢/

/* routine declarations ¢/

void int_setup();

—mod2__ void OCIINT();
—modl_. void INTINT();
—tmod2._. void SCIINT(};

main(}!

/¢ turn of teannmitter of ¢

key(0);

pin w pout = 0;

plicloar();




— . - - ~ e _— e e e

/* set np interrupts *
int.setup();
-* set up serial port *

ty.setupll;

;/* initialise LCD display *
inis.disp(};

. ® Power up message *
message!D,” Hand Held™);
message!?, Monitor (HHM)™);
sleep(l);

instructl ;

J® turn oa A;D convrrter *

adon{);

_* main monitor loop *

while(l {

* ACTTVATE button pressed® *
Slacifiag)
artivate();
wode = ACTIVE;
while(actflag =2 == 0){
retries == 0,
stime = 0;
restart == 0
while(etime -~ EVAL7T ME 50!
if{actBag)break;
whils(pout "= pinj{
Uidpb pout’ ., k_id =~ idY
if{dpd poat pk.type == PPAY,
;¥ found PPA parke: *.
restart == |,
}
ifldph pout pk_type == P'SSY
;Y lound PSS packst *
restart = 1;
/% diaplay status resuits ¢
dopes(pont ),
}

1

i
pout = (pout + 1V & PMALK;,
|

AGOS
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if(actflag)break;
if(restart){
mode = PASSIVE;
}
else{
retries = 0;
done = 0
dof

sprintf(line,"PMC Query ");
message(0," Attempting PMC");
message(1,"Communication”);
docss(id,rctries);
etime = );
do{
while(pout != pin){
if(dpb{pout].pk_id == id){
if(dpb[pout].pk_type == PPA}{
mode == PASSIVE;
done == 1;
}
if(dpb{pout].pk_type == PSS}
done = 1;
dopss(pout);
!
}
pout == (pout + 1) & PMASK;
}
}while(etime < rtime/{retries) £& !done && lactflag);
retries+-+;
}while(retries < MAXRETRIES && !done && !actflag);
if(!done){
message(0,” Lost"};
message(0,"Communication”);
sleep(2);
instruct();
break;
}
}
}
if(mode === PASSIVE)sleep(2);
/® check hhim battery */
if(adval >= 68){
sleep(2);
sprinifiline,"Low HHM Battery");
message(1,line);

}

——




}

/* attempt to active a PMC */
activate(){

retries = 0;

/* display activate message */
sprinti{line,"Attempting");
message(0,line);
message(1,"PMC Activation™);
do{

/* clear packet buffer */

pout = pin;

pkelear();
/® pulse proximity transmitter */
prox();
id = 0;
/* check for PMC response */
etime = 0;
do{
if(pout '= pin){
if{dpbipout|.pk_type == PPA}{
id = dpb’pout’.pk_id;
}
pout = (pout + 1) & PMASK;
}
jwhile(etime < rtime(retries) && id == 0);
retries+—-;

jwhile(id == 0 && retries < MAXRETRIES);
actflag = 0;

/* if id === 0 then activation was unsucessful */
if{id === 0){
message(0,"ERROR--Repeat™);
message(],"Activate Steps™);
sleep(2);

instruct();

)
I

/* eise PMC was activated */
else {
actlag = 0;
sprintf(line,"PMC ACTIVATED",id);
message(0,line);
message(1,”");
deount = 25:
while(dcount);

53

A005



s

}
}

/® output operating instructions to the display */
instruct(){

sprintf(line, Put HHM Near PMC");
message(0,line);

sprint{{line,"Press ACTIVATE");
message(1,line);

}

/* calculate a variable retry time based on retry number */
rtime(r)int r;{

int i;
int rt;
switch(r){
case 1:
case §:
rt = 0;
break;
case 2:
case 7:
i = clk50;
rt=8"%*4%
break;
case 3:
case 8:
rt = (HHMID & 7) * 50;
break;
case 4:
case 9:
rt = (adval & 7) * 50;
break;
case 5:
case 10:
rt = id * 50;
break;
default:
rt = 100;
break;
}
return(rt+100);

}

/® pause for i seconas */
sleep(i)int i;{

etime = 0;
while(etime < i*50);
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/* activate proximity transmiiter */
prox(}{

H11PORTA |[= 0x20;

deount = 3;

while{dcount);

H11PORTA &= 0Oxdf;

}

/* process and display results of PSS packet */
dopss(pkpt)int pkpt;{

evoum == dpb[pkpt].pk_seq;

offw = dpb[pkpt].pk_offw;

hrate = dpbipkpt].pk_hr;

mocount == dpb{pkpt].pk_mot;

batt = dpb(pkpt].pk_batt;

message(1,”");
if{offw > 190){
sprint{(line,"Check Wrist");
message(0,line);
sprintf{line,"Strap”);
message(l,line);
}
else{
if(hrate >= 50){
sprintf(line,"Heart Rate €23d",arate);
message(0,line);

}

else if(hrate < 50 && hrate > 0 &£& mocount ===

sprintf{line,"Heart Rate S33d" hrate);
message(0,line);
}

else {
sprint{(line,"Heart Rate 7);
message(0,line);
}

strepy(line,™);

if((hrate === 0) || (hrate == -4))sprintf{line, Low Pulse”);

if(mocount)sprintf(iine,"Motion");
message(l Jine);
}
iflbate == 6L}{
sleep(2);
sprintf(line,"Low PM( Baitery");
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message{1,line};
}
return{1);

}

/* transmit CSS packet */
docss(id,r) int id,r; {
char *p;
if(mode === PASSIVE}{
if(r > 5)mode = ACTIVE;
}
if(mode == ACTIVE){
p = &tpakbuil0};
if(r)sprintf(p,""A%%d:CSS I',id);
else sprintf(p,"~A%d:CSS",id);
sendpak(p);
}
}

/® send a packet through the radio transmitter */
sendpak(pk) char *pk;{
int i;
char *p;
P = pk;
for(i = 0; *p; p++)i=1i~ *p;
i==1% 0xfl;
= (i>>4)+ 05
f(*'p>'9)’p="p+7;
D+
*p = (i & Oxf) +'0%;
> '"M)'p="p+T;
p++;
*p=1LF;
p++i
*p = CR;
p++i
‘p=0;
key(1);
dcount == 10;
while{dcount);
P = pkir.
pkpute(’
pkpute('X');
while(*p)(
pkpute(*p);
p++;

}
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pkpute{CR);
pkputc(CR);
key(0);

3
J

/* output a character to the radio */
pkpute(c) char ¢;f
while((H11SCSR & 0%80) == 0);
H11SCDR = ¢;
}

/* get a character from the radio */
pkgetc(){
while((H11SCSR & 0x20) == 0);
return(H11SCDR);
!

/* clear the packe: buffer */
pkelear(){

pakptr = pkbuf'pinj;

chksum = 0;

rstate == 0;

b
CIINT is entered when a character is received */
CIINT constructs packets as they are received */
—mc42.... void SCIINT!){

int ¢;

[ ]
/*S
/*S

int pt;

char *s;

¢ == pkgete();
/* pkpute(e);®/

switch(rstate){
case 0:
if(c === 7

‘pakptr++ = c;
chksum == ¢;
rstate == |;
}

hreak;

case 1.

if(c z=== """Yoreak;

iffc == "A"){
*pakplr++ = ¢,
chksum +=n ¢;
retate == 2;
pcount == 50;

7
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}
else pkelear();
break;
case 2:
fle == """}
pkelear(};
*pakptr++ = ;
chksum = ¢;
rstate = 1;
} 1
s iffe == 0) || e == " "
*pakptr = 0;
s = pakptr;
e 8=}
rchksum = xtoi(s);
chksum -= *s+4++;
chksum -= *s;
chksam &= Oxff;
iffchksui == rchksum}{
pt = pin;
pin = (pin + 1) & PMASK;
pkelear(});
dopacket(pt);
}
else{
pkelear();
asm(” CLI");
}

}
else {

if((pakptr >= &pkbul'pin][49]) || (pecuns === 0))pkclear()

cloe{ |
*pakptr++ = ¢;
chksam +==c;
}

break;

}

/* dpacket decodes received packets */
dopscket(pkpt)int pkpt;!
int n;

char *u num{i0};
asm(” CLI"Y;
/* process pkbuf'pkptj */
s = pkbufpkpt);
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S+ s+

for{n==0; isdigit(s/n;)&& n < 9; u++)num'n;=sn;
num/n] ="'

dpbipkpt].pk-id = atoi{num};

s=g+n+1;

if(strrnemp(s, PPA".3) = = 0)}{
dpb{pkpt].pk_type = PPA;
}

else if(strnemp(s,"PSS",3) == 0}

dpb:pkpt].pk_type = PSS;

for(n==0; pkbul'pkpt)'nj '="; n++});

n=n+4

s = &pkbuflpkptnj;

sscanf(s,"%d %d %%d %d %d %d",&dpb,pkpt.pk_seq,&dpb(pkpt].pk_offw,
&dpb[pkpt].pk_hr,&dpbipkpt].pk_mot,&dpbipkpt].pk_batt);

}

——mod2__ vaid INTINT(}{
}

/* key the transmitter */

key (i} int i;{
if(i == 0)H11PORTA |= 0x08;
else HIIPORTA &= OxF7,
}

/* service the OC1 interrupt (real time clock, 50HZ) ¢/
—mod2_. void OCIINT(){
HI1TFLGI == Ox890;
H11TOC! +== 0%9¢40;
H11COPRST =« Ox55;
H11COPRST = Oxaa;
(({H**PORTA & 0x02) === 0) && 'actaglactag = 1;
if(adfiag){
H11ADCTL == 0x10;
while(H11ADCTL & 0x80 === 0);
adval == H11ADRI;
}
clk50 ++;
etime—~ +;
if{dcount dcount--;
if{pcount)pcount.-;
iflclk50 == SO
clk50 = 0;
}



__mod?2_. void COPINT()
message(0,"COP RESET!"};
y

set up interrupt service routines */
void int_setup(}{
—mod2_. void OC1INT(};
—mod2— void INTINT();
_mod2. void COPINT();
—mod2__ void SCIINT(};
void VECTCRY{);
decount = G;
peount = U;
VECTOR(OCI1INT,9);
VECTOR(INTINT,14);
VECTOR(COPINT,17);
VECTOR(COPINT,18});
VECTOR(SCIINT,0);
H11TOC1 = 05
HI11TMSK1 |== 0x80;

}

/® set up serial interisse */

tty_setup(){
chksum = 0;
rchksem = 0;
rstate == 0;
H11SCCR1 = 0;
H11SCCR2 = 0x2C;
H1iBAUD = ™xi8;
H11DDRD == 2;
H11PORTD = 0;

}

/* is serial interface ready */
com_rdy(}{
if(H11SCSR & 0x20)return{l);

else return(0);
\

1

adon(),
H11OPTION |== 0x80; /* power up a/d */
adfiag = 1;
)

#include "hex.c”

#include “display.c”
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/* hex.c program */

/* convert hex ascii string to integer */
xtoi(s)char *s;{

int i;

i==ctoh(s:0');

i =(i<<4) | ctoh(si1});

return(i);

/* convert hex ascii digit to integer */

ctoh{cl)

int ¢1;

{ U(e1>96)ci==c1-32;
cl=cl-48;
Me1>9)1=cl-7;
return({z1);

}

/* convert integer to hex ascii character */
char htoc(i) iat i;{

char h;

h=1+'0,

ih > 9 a= T

return(h);

}
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/* display.c program */

#define DWAIT {while(DISPLAY & 0x80);}
s#deSne BWAIT {dcount = 2; while(dcount);}

/* initialize the LCD display */

init_disp(}
BWAIT;
detrl{0x38);
BWAIT;
detr}(0x38);
BWAIT;
detrl(0x38);
BWAIT;
detrl{0x38);
dctri{0x0c);
detri{0x08};
detrl{1);
}

/* output control byte to the LCD
detrl{v)int v:{

DWAIT;

DISPLAY = v;

}

/*® output a character to tne LCD */
apute{s)int ¢f

DWAIT;

DISPDAT = ¢;

}

/* output a string to the LCD */
dputa(s) char *s;{
while(*s}{dpute(®s}; r++;}

}

/® output a message to the LCD */
message(i,s) int i; char *s;{

if{i == 0)i == Ox80;

else i == Oxc0;

detrl(i);

dputs(” %

detri(i);

dputs(s);

}
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1. SCOPE

1.1 Identification. This Interface Requirements Specification establishes the require-
ments for the interfaces identified as the HHM-to-PMC proximity transmission (PRTA)
and the PMC-HHM RF transceiver (DRTG and DRTH) for the CSCIs identified as Per-
sonal Monitor Commuuicator Software, PMC-CSCI.1, and Hand Held Monitor
Software, HHM-CSCL.2, in the Personal Monitor and Communicator, PMT-5YS.1, Sys-
tem.

1.2 Purpose. The three interfaces are necessary for accurate communications between
the PMC and the HHM.

1.3 Introduction. This document provides detailed and complete specifications of the
communication interfaces between the personal monitor (PMC) and ihe hand held mon-
itor (HHM) which compose the Personal Monitor and Communicator, PMC-SYS.1, Sys-
tem.

2. APPLICABLE DOCUMENTS

2.1 Government documents. The following documents of the exact issue shown form a
part of this specification to the extent specified herein. In the event of conflict between
the documents referenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military
MIL-S-83490 Specifications, Types and Forms

STANDARDS
Military
DOD-STD-2167 Defense System Software Development
MIL-STD-483A Configuration Management Practices For ,
Systems, Equipment, Munitions, and Computer
Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government documents. The following documents of the exact issue shown
form a part of this specification to the extent specified herein. In the event of conflict
between the documents referenced herein and the contents of this specification, the con-
tents of this specification shall be considered a superseding requirement.
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OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.
Digital Signal Processing
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Language
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1978

Inprol C MS-DOS Host Guide Version 1.0
Introl Corporation, Milwaukee, WI, 1987

Motorola Semiconductor Technical Data

Advance Information for the MC68HC11A8
HCMOS Singie-Chip Microcomputer
Order number MC68HC11A8/D

Programmer’s Reference Manual
M68HC11 HCMOS Single-Chip Microcomputer
Order number M6SHC11PM/AD

3. REQUIREMENTS

3.1 Interface Relationships. See interface identification figure (Figure 1).

3.2 Interface Identification and Documentation. See interface identification table
(Table 1).

3.3 Detasled Interface Requirements.

3.3.1 CSClIl-to-CSCI Interface Requirements. This section is not applicable to this
specificatioa.

3.3.2 CSCl-to-HWCI or Critical Item Requirements.

3.3.2.1 Prozimity Transmitter/Recesver Interface.
a. Signal Direction. See interface table (Table 2).

b. Signal Format. The transmitted signal is a 125 KHz electric-field proximity
signal with an upper transmission range of 4 inches.
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Memory Buffer And Location. This section is not applicable to this interface.
Transfer Protocol. This section is not applicable to this interface.

Instiation Condition. See interface table (Table 2).

Priority Level. This interface has the highest priority in the system.

Ezpected Response. Table 2 shows the expected response to the PMC activa-
tion. If no response is detected, the proximity signal is re-transmitted after a
variable-time delay.

3.3.2.2 Digital RF Transceiver Interfaces.

Signal Direction. See interface table (Table 2).

Signal Format. The HHM-to-PMC interface (IF DRTG) can transmit one
message. The format of the request fer the soldier status message (CSS) is
shown in Table 3. The PMC-to-HHM interface {IF DRTH) is capable of send-
ing two messages. The formats for the transmission of the PMC positive ack-
nowledge (PPA) and the PMC soldier status (PSS) are shown in Tables 4 and
5.

Memory Buffer And Location. The memory necessary for the transceiver con-
sist of two 200-byte output buffers, "tpackbuf” and “"pkmess”, one 10 x 50 byte
input buffer, "pkbuf”, and one 30-byte input buffer, “rpakbuf.”

Transfer Protocol. Serial communication is used for data transmission. To
transmit a mecsage, the serial communication status register (SCSR) is polled
until the transmitter-ready bit goes high (1). The character to be transmitted
is then written to the serial communication data register (SCDR). To receive
a message, the serial communication receiver interrupts the processor when a
character is received. The interrupt routine implements a finite state machine
to recognize valid packets.

Instiation Condition. Table 2 indicates the general signal initiation conditions.
The HHM-to-PMC RF transceiver interface (IF DRTG) is accessed at 15
second intervals when the HHM sends a CSS request for updated PMC infor-
mation. Two means exist to initiate the PMC-to-HHM RF transceiver inter-
face (IF DRTH). The interface can be initiated by a data packet sent by the
PMC in response to the PMC being activated (PPA), or by a data packet sent
by the PMC in response to an information request from the HHM (PSS).

Priority Level. This section is not applicable to this interface.

Ezpected Response. The interface table (Table 2) shows the espected
responses for all signals.
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4. QUALIFICATION REQUIREMENTS

4.1 General Qualification Requirements. Both a bench test (hard wired) and a func-
tional test were performed to verify the operation of thc PMC-HHM interface. See
Appendix I for details of the testing.

4.2 Special Qualification Requirements. This section is not applicable to this
specification.

6. NOTES

8.1 Acronyms. See acronym summary table (Table 6).
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HWCI 9
PROXIMITY
TRANS-
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DIGITAL RF
TRANS-
CEIVER

FIGURE 1. Interface block diagram

(DRT)

from HHM-CSCI.2
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TABLE 2. Interface summary.

A008

INTERFACE INFORMATION INITIATION EXPECTED
NAME DESCRIPTION CONDITION RESPONSE
PRTA Proximity data Proximity receiver | PMC sends
RWCI 9-to-HWCI 4 activated acknowledge
packet
DRTG Transmit data Data packet PMC
serial communication | sent by HHM processes
HWNCI 13-to-HWCI 6 | RI transceiver update
request '
DRTH Transmit data Data packet HHM
serial communization | sent by PMC processes
HWCI 6-to-HWCI 13 | RF ‘ransceiver packet for
display




TABLE 3. Reguest for soldier status (CSS) format.

A006

DATA LENGTH |

e

DATA TYPE | CONTENT DESCRIPTION
| 2 byes ASCI P TA ’ packet header
1 to 5 bytes ASCI 1 to 5 digits | PMC id number
1 byte ASCH id end marker
3 bytes ASCIT CSS packet tyme
1 byte* ASCII space (blank)
1 byte* ASCIH 1 signals CSCI 1 response
2 bytes ASCII kex digits packet checksum
2 bytes ASCII LfCr packet trailer

* optional



TABLE 4. PMC positive acknowiedge (PPA) format.

DATA LENGTH | DATA TYPE | CONTENT DESCRIPTION
2 bytes ASCH A packet header

1 to 5 bytes ASCII 1 to 5 digits | PMC id number
1 byte ASCI : id end marker

3 bytes ASCII PPA packet type

2 bytes ASCII hex digits packet checksum
2 bytes ASCII L{Cr packet trailer
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TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH | DATA TYPE | CONTENT DESCRIPTION
2 bytes ASCI A packet header
1 to 5 bytes ASCII 1 to 5 digits | PMC id number
1 byte ASCI id end marker
3 bytes ASCII PSS packet type
1 byte AscI space (blank)
1 to 5 bytes ASCI 1 to 5 digits | evaluation count
1 byte AscCH | space (blank)
1 to 3 bytes ASCI 1 to 3 digits | off-wrist level
1 byte ASCI space (blank)
2 to 3 bytes ASCII 2 to 3 digits | heart rate
1 byte ASCI space (blank)
| 1to4 bytes ASCII 1 to 4 digits | motion count
1 byte ASCII space {blank)
1 to 3 bytes ASCII 1 to 3 digits | A/D reference level
1 byte ASCII space (black)
2 bytes ASCII L{C: packet trailer

17
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TABLE 6. Acronym summary.

ACRONYM MEANING

CSsS Request for soldier status

DRT Digital RF transceiver

DRTG HHM DRT to PMC DRT interface
DRTH PMC DRT to HHM DRT interface
HHM Hand held monitor

PMC Persona: monitor communicator
PPA PMC positive acknowledge

PRC PMC proximity receiver

PRTA PRT to PRC interface

PRT HHM proximity transmitter

PSS PMC soldier status
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10. INTERFACE TEST SUMMARY

10.1 B:neh Test.

10.1.1 Overview of Bench Test. The serial communication signal lines of a PMC
and a HHM were connected directly together. This connection served to bypass
the radio transceivers. Temporary pushbutton switches were attached to the
PMC proximity interrupt and the HHM activate. Three tests were then per-
formed on the hard wired units.

10.1.2 General Results of Beneh Test.

10.1.2.1 Supply Current Test. A DC millampmeter was connected in series with
the PMC power supply. The power supply was turned on and the supply current
was mezasured and recorded. The PMC current value was approxirnately 21 mA.
After waiting for one minute, the supply current was again measured and
recorded. At this time the PMC CSCI entered the "STOP" state and the PMC
current reading was approximately 0.6 mA.

10.1.2.2 PMC Activation Test. Actual PMC activation was simulated by pressing
the HHM activate pushbutton and the PMC proximity interrupt pushbutton in
quick succession. An oscilloscope monitoring the HHM proximity signal output
line displayed a burst of 125 KHz square waves when the HHM was activated.
The HIDM display read
PMC # Activated

where # was the identification number of the PMC. Monitoring the PMC radio
power line with an oscilloscope showed the line became active when ithe PMC was
activated.

10.1.2.3 Status Test. The HHM would query the activated PMC every 15 seconds.
Initially the HHM would receive the message

Off Wrist
The oscilloserope monitoring the radio key line verified prepes ~peration of tae line
for both t8e HHM and PMC. The PMC wrist strap waa ther. _plied to the wrist
of a subje~t. The subject remained still while the HHM display was monitored.
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The subject's heart rate was obtained from the subject's pulse. This heart rate -

was compared to the resuits displayed by the HHM. The last step was for the



subject to intentionally move during data collecticn. During this time the HHM
display reported mction.

10.2 Functional Test.

10.2.1 Overview of Functional Test. This test checked the performance and the
accuracy of the various PMCs and HHMs. The units were tested by strapping a
PMC on a subject and recording the subject’s heart rate or motion reading which
was displayed by the HHM every 15 seconds. The HHM heart rate was compared
with the subject’s actual heart rate which was obtaired by feeling the subject’s
pulse. Each PMC was tested continuously for a period of 90 minutes. The test-

ing occurred while the subject was resting, w 'king, restiny after walking, run-

ning, and resting after running. All delivered PMCs and HHMs were tested.

10.2.2 General Resuits of Functional Test. The PMCs and HHMs generally per-
formed as expected. Accurate heart rates were obtained when the subject was
resting and when the subject was resting after walking. Some heart rates
rransmitted during light waiking were accurate. Mcst motion eaused the HHM to
display a motion reading rather than a hezrt rate value. Ruaning produced the
Heavy Motion

message to appear. Following exercise, the PMC occasionally transmitted heart
rates less than 60 bpm where heart rates in the range of 120 bpm were expected.
Such readings probably resulted by the impedance sigrals due to the heavy
breathing mixing with the impedance signais due to the heart pumping blood.
The HHM had no probiem in obtaining information from the PMC
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/* Multiple Casualty Monitor
/* Ver. 1.0
® 2

/* (c] 1989 Purdue University
3 l/

/

#include <stdio.h>
#inelude <hllreg.h>
#inelude <bmec.h>
#inelude <terminal.h>

/* display handler declarations */

#ineclude "dispdec.h”

#define LF 10
#define CR 13

PROXVAL 200
#dzfine PROXMIN 5
#define MAZD S
#define MAXRETRIES 3
#define EVALTIME 15

#define

/* Received packet statuses */
#define GOODPAK 1
#define BADCHK 2
#define BADPAK 3
#define TIMEOUT -1

ACTIVE 1
INACTIVE o

SHOW 1
NOSHOW o

#define
#define

#define
#define

#define
#define
#define

MOTIONLT 1
MOTIONMOD 2
MOTIONHVY 3

/l
/l

/°® structure used to set up sermial interfsce '/

strucet ioctl ‘ttyb;

char clk50;

int dcount;

int stcount;

int scount;

iat etime;

char tpakbuf(200;;
char rpakbuf(50|;
char “‘pakptr;

iat rstate;

int chksum;

int rchksum;
char line{80|;
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mazimum number of retries */
time for PMC te complete an evaluation */

50 HZ counter for real time clock */

50 HZ down counter for general purpose
timing */

50 HZ down counter for status timing ¢/
50 HZ down counter for sleep routine */
1 HZ evaluation time counter */

buffer to construc’ packets for
tranamission */

buffer to store received packets */

pointer lo receive packet buffer */

state of receive packet finite satate

machine */

check sum calculated on received packets 4
theck aum included in received packets ¢/

buffer for display messages */

Y/
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/* soldier status values returned
int evium;
int offw;
int hrate;
int batt;
int mocount;
int id;

int adflag;
int adval,
int retries;
int first;
echar *s,

char clksec;
char clkmip;
char cikhr;

/* GG vars */
#define MAXCAS 20
#define WIN SIZE 10
#define HR_HI 90
#define HR _LOW 50
#define HR_MIN 30

#define STIMEOUT 12
#define DTIMEOUT 38

chae addval;
char deival;
char upval;
char daval;
char hipval;
char addlast;
char dellast;
char uplast;
char dnlast;
ehar . hiplast;
char addstate;
char delstate:
char upstate;
char dnstate;
char blpstate,
char addflag;
ehar delflag;
char upfiag;
char dnflag;
char bipflag;
iat evalflag;
int ncay;
int curcas;
int casptr;

Dec 18 10:29 1989

from a P .IC
;8

*
®
s
*

/
/t

/t
/‘

/l
/i

s

1

evalugiion number */
PMC off wrist flag */
heart rate */

battery voltage *,
motion counter */

PMC ID */

enable A/D conversion flag */
value from A/D conversion */

number of reties for communicalion '/

flag to mark first evaluation cycle for a
PMC */

ADD  pushbutten current value */
DEL  pushbutton current value */
UP  pushbutton current value */
DWN  pushbution current value ‘/
HLP  pushbutton current value */

ADD  pushbutton last value */
DEL  pushbutton last value */
UP  pushbutton last value */
DWN  pushbutton last value */
HLP  pushbutlon last value */

ADD  pushbution state */
DEL  pushbutton state */
UP  pushbutton state */
DWN  pushbutton state */
HLP  pushbutton state */

ADD  pushbuiton flag */
DEL  pushbutton flag */
UP  pushdutton flag */
DWN  pushbution flag */
HLP  pushbutton flag */

evaluate flag */
current number sf casuaities */

current polled casualty */
¢asually pointed to by cursor */
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int nextcasid; /? nezt usable casid number */
struct cas {
int casid;
int pmcid;
int evium, offw, hrate, batt, mocount;
int inhib;
struet |
unsigned hrhi:1, hrlow:1, lowpulse:l, offwrist:l, battlow:1, mation:2;
unsigned pakerr:1, timeout:l;
} stat;
} casualty{MAXCAS]|;
char *motion_str]] = {
-No ﬁ.
"YES”,
"YES”,
"YES"
)i
char “stat_strf] = {

"HRT RATE HIGH",
"HRT RATE LOW",
"LOW PULSE",
"OFF WRIST",
"BATTERY LOW",
"COM ERROR",
"COM LOST”

L

char null _hr_stz{] = "1,

/? routine declarations */

veid int_setup();
__mod2__ veid  OCIINT();
__mod2__ veid  INTINT();

main()

/? turn rf transmitter off */
key(0);

/* inilialize keyboard °*/
H11PACTL = 0x80 | HI1PACTL,;
H11PORTA = 0xD0 | HI1PORTA;
kbelr();

/? initiglize variables */
casptr = 0;

gcas = 0;

nextcasid = 1|;

evalflag = 0;

curcas = 0;

/* set up interupts */
int_setup();

/* aet up semal port */

tty _setup();

/* snitialize LCD display */
disp_ini¥();

decursor(0);

dcurssize(3);

wmake(4, WIN_SIZE);

Dee 18 [0:29 1989
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main
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...man

/* Power up message */
belp_screen();
pre_screen();
pmc_show();
/* turn on A/D converter */
adon();
/* main processing loop */
while (1) {
/* process any bulton pushes */
it (addflag) {
addeas(};
pme_show();
addflag = 0;
} else if {delflag) |
delcas();
pmc_show();
delflag = 0;
} else if (hipflag) {
hlpflag = 0;
help _screea(),
pme_screen();
pme_show(j;
} else if (arrows())
pmc_show();
check cas(SHOW);
i {adval >= 68 2& stcount == O} {
sprintf(line, "Low Multimonitor Battery”);
dstatus(line);

stat _clr();

}

sleep(i) sleep
( int i;

scount = i * 50;
while (scount);

}
prox() proz

H11PORTA |= 0x20;
deount = §;

while (dcount);
H11PORTA &= oOxdf;

}

dopss() dopss
{ /* recieve & PMC Soldier Status */

int IR

char ‘s,

fe> {j = 0; rpakbufllj] '= "', j++);

if (strocop(&rpakt ‘) + 1], PSS", 3) '= 0}

return (0);

] =) + 4

s = &rpakbuflj|;

secanf(s, "%d %d %d %d %d %d", kevnum, &offw, &hrate, &mocount, &batt);

casuajtyicurcas|.evaum == evoum;

casuaity(curcas|.offw = offw;

casuaitylcurcas{.hrats = hrate;

casualty/curcas{.mocount = mocount;

cuuxlty[curcu‘.bau = hatt;

:uudt”curcu stat.hrhi = 0

casvslty(curcas|.stat.hriow = 0,
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casualtylcurcas].stat.lowpulse =
casualty|curcas|.stat.offwrist
casualtyjcurcasi.stat.battlow
casualty|curcas| stat.motion
if {offw > 190) {

Wy

0;

0;
0;
1

casuaity{curcas].stat.offwrist = 1;

casualty|curcas|.hrate =
casualty|curcas{. mocount
} else {

o;
= 0

if {mocount >= 1 && mocount < 10} {

casualtyicurcas.stal.motion = 2;

} else if {mocount >= 10 && mocount < 25) {
casualty{curcas|.stat.motion = 3; ..

} else if (mocount >= 25} {
casualtyjcurcas|.stat.motion = 4;

}
it ((brate == 0) || (brate == -4)) {
casnalty{curcas] stat.lowpulse = I

H

alarm(2});

\ ciee if ((hrate > 0) && (brate <= HR_LOW)) {

casuaityjcurcasj.stat.hricw = 1,

} else if (brate >= HR_HI} {
casuaity|curcas|.stat.hrhi = 1;

alarm(3);

}
if (batt >= 68) {

cuualty{curcu].stat.bamov = 1;

¥

)
return (1);

/* do Positive Packet Acknowledge */

;i)
“PPA", 3) != 0)

/* sand out Centrel Soldier Status query '/

}
?oppa()
int i
char ’s;
int lid;
fer {j = O; rpakbufljj '=
if (stracmp(&rpakbufl} + I},
‘ retu.n (0);
i
whilc‘(i.-digit(rpakbuﬂj - H))
3=
s = &rpakbuflj};
scaaf(s, "%5d", &lid);
retura {lid);
}
docss(id)
iot id;
{
char
p = &tpakbuf(o];
spriatf(p, ""A%d:CSS I, :d);
sendpak(p);
)
sendpak(pk)
char ‘pk;
{
int i;
sheor ‘v;
p = pi;
for (i = 0; ‘p, p++)
B IR B -

.. O 2NN 1NHOD

...dopss

doppa

docss

sendpak
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i =i & Oxff;

= (i>>4) + 0

if (> "9
=P+

p++;

= (i & Oxf} + 0",

it (% > 9
=P+

P+,

P = LF;

p++;

P = CR;

p++;

=0

key(1);

deount = 10;

/* while(1count);, */

waitd();

P = pk;

pkpute( \r7);

pkpute( 'X"};

while (%) {
pkpute( ‘p};
P

pkpute{CR};

pkpute(CR);

xey(0};
}

picputefe]
char c;

putchar(c);

getpacket(timeout, oktype, 1d)

int timeout;
ehar ‘pktype;
int d;
{
int doge, ¢, ;, lid;
char *s;
rstate = 0;

chkrum = 0
pakptr = &rpakbuflol;
{ouut = Lmeout * 50,

. one = 0
while (1} {

while (com_rdy() ==: n)
if (checkd() == 0)
return (TIMEOUT);
¢ = getchar() & Cx7f;
/* dputeic), */
/* detrifoz10), */
switeh (ratate)
sase O
e == "") (
‘pakptr++ m ¢
chksum += ¢;
rstate = |,
r )
bresk;
case |
if (c == 7

Dee 1R 1000 10820
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pkputc

getpacket



break;
if (z == "A) {
‘pakptr++ =
chksum += ¢;
rstate = 2;
} else
pkabort(};
break;

<

ease 2:
it (c == LF |l c == CR) {
Hakplr = 0,
s = pakpt,;
$—=;
E it}
sscanf(s, "%x", &rchksum);
chksum —-= “++;
chksum -= *s;
chksum = chksum & Oxff;
e = 0,
8 = 0
if (chksum != rchksum)
pkabort(};
eise {
for (j = O, rpakbuflj} 1= "%} j++)
i (stmemp{&rpakbuffj + 1, pktype, 3) == 0) {

==
while (isdrgit(rpakbutlj - 1}))

) et}

s = &rpakbuflj);

scanf(s, "%5d°, &lid);

it ((id == id) |} (id == 0}))
return (GOODPAK);

}

/* not owr pecket, loss il awaey ¢/
pkabory();
} eloe {
‘rakplr++ = ¢
chksum += ¢

}
break;

}
if (pakptr >= &rpakbufi49))
pkabory{);

)
pkabort{)

pakptr == &rpakbufio],
chksum = 0,
rstata = 0;

mod?2 veld
EN’rm'r(Y'
)

key(i)
int \

if (i == 0)
H11PORTA |[= 0x08;

mm.c

..getpacket

pkabort

INTINT

key
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HIIPORTA &= OxF7;

S

__mod?__ veid
OCILINT(
{

H11TFLG1 == 0x80;
R11TOC1 += 0x9¢40;
H11COPRST = Ox55,
H11COPRST = Oxaa;
/* check and debounce keys (keys are active low) */
it {{{H11PORTA & 0x04) == 9))
blpval = ACTIVE;
else
hipval = INACTIVE,
if (clk30 & 0x01) {

if (((H11PORTA & 0x01} == 0)}
dnval = ACTIVE,

else
daval = INACTIVE,

if {{(HIIPORTA & 0x02) == 0))
upval = ACTIVE,

elae

upval = [NACTIVE;
/* se. up for nezt read */
HIIPORTA = 0x40 | (H1IPORTA & Ox3F);

} eise |
if ({(HIIPORTA & 0x01) == 0))
delval = ACTIVE,
eise

delval = INACTIVE,
if {({(HI1IPORTA & 0x02) == 0))
addval = ACTIVE,
eloe
addval = INACTIVE,
/* sel up for next read */
H1IPORTA = 0x80 | (HIIPORTA & Ox3F),

)
if hlpval + doval + upval + deival + addval > 1} {
slpval = [NACTIVE,

daval = [INACTIVE,
upval = [NACTIVE,
deival = |NACTIVE,

addval = INACTIVE,

)
doiev{Rblpval, Zhlplast, Rhipstate, Z%ipflag),
dokeyf&dnval, &dnlust, &£dnstate, &dnflag),
Jokey(&upval, &uplast, &upstate, &Zupflag),
dokey{&delval, &deilast, Rdeistate, &deiflag),
dokey(&addval, &sddiast, &addstate, &addfiag),
il (saflag && c!'k50 == 0) {

HI1ADCTL == 0x10,

while (HIIADCTL & 0x80 == )),

adval == HIlADRI,

it 'deount)
dcount——,
if (steount)
stcoupt—~ -,
if {wount)
sount-—,
cikSu+,

If (clk50 >m $0) {
clksec++,

OC1INT
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cik50 = 0;
etime++;
}
if (clksee >= 60} {
clkmin++;
clksec = 0;
}
if {clkmin >= 80} {
cikhr++;
clkmin = 0;
}
}
dokey(val, last, state, Nag)
char *val, %ast, ‘state, ‘flag;
{
if {*state == INACTIVE) {
if (val == ACTIVE && %ast === ACTIVE) {
*state = ACTIVE;
lag = ACTIVE;
}
)} elee {
it (val == INACTIVE && %ast == INACTIVE && f"lag == INACTIVE) {
‘stats = INACTIVE;
Mast = ‘*val;
}
__mod2 _ veid
COPINT])
{
dstatus0("COP RECET!");
)
veid
int _setup()

_mod2__ veid OCI1INT(};
__mod2__ veid INTINTI);
__mcd2__ veid  COPINT();
veid VECTOR(});
decount == 0

scount = 0

stcount = 0,

eume == 0,

VECTOR(OCIINT, 9);
VECTOR(INTINT, 14},
VECTOR(COPINT, 7);
VECTOR{COPINT, 18},
HIITOCI = 0;

HIITMSK] [= 0x80;

]
zty--tup()

chksum = 0;

rchksum == O;

rstate = 0,

open(},

HI1BAUD = 0ux35;

iocti{ttydb, GETPARAMS);
ttyb=>10_erase == CTRL{ H’),
ttyb—>io_kill =» CTRL{'U");

mm.c

...OCI1INT

dokey

COPINT

int_setup

tty_setup




ttyb—>io_flags = RAW;
iocti(ttyb, SETPARAMS),

com _rdy()

if (H11SCSR & 0x20)
return (1j;
clse
return (0);

}
adon()
HI110PTION |= 0x8¢; /* power up 8/d */
H11PORTA |= 0x10; /* power up wnstz circuit */
alflag = 1,
}
adoff()
H110PTION &= x7F, /* power down a/d */
H11PORTA &= OxEF; /" power up wristz cireuct */
aaflag = 0;
}
"‘..“."'.‘.ll‘.l‘l.'l".l"..'.‘.al'.‘.l‘."."‘l.l"".."...“‘.‘...."../
/‘ l/
/* GG routines
e &/

/l.l..‘..".‘l.i‘l'lll 1e80000b0s00d000 00000880V .H "‘lll.l'l".‘.l..l‘ll'...'/

help screen()

{
nels(};
nsetatir(DISP_NORM);
nmewsage(0, 0, ° Mulitiple Casuaity Monitor ),

amessage{l, 0, ‘ BB
nmessage(2, 0, "INSTRUCTIONS Y,
nmessage(3, 0, " “h

nsetattr(DISP_REV),

nmessage(3, 0, "To Add Casualty To List.”),
nsetattr(DISP_NORM);

nmessage(4, 0, "* Put MM near PMC, Pros <ADD>"),

amessage5, 0, ** Wait for \"PMC ACTIVATED\" ),
nmessage(6, 0, "* Label hody with sumber showa™),
smessage(7, 0, ~ -,

asetattr(DISP_REV),

nmessage(7, 0, "To Delete Casuaity from List "),
asatattr(DISP_NORM),

nmessage(8, 0, " Use arrow keys to select "1
nwessage(9, 0, ° casuaity to be deieted ",
amessage(10, 0, "* Press ~DELETE >, the message ),
nmessago(ll, 0, ° \"CONFIRM DELETION\" apperrs 7
nmemage(12, U, "* Presms <DELETE> agann ",
amexaye(13, 0, ° ",
asetattr(DISP_REV),

amesage(13, 0, "To See This Screen ),

asetattr{DISP _NORM),

smessage(14, O, "* Frees "HELP> BR
asetattr(NISP_RBLINK);

smesasge(1S, O, "Press any key o euit HELP R
asetattr(DISP_NORM),

dupdaie();

while {'keyhit())

mm.c

L lty_setup

com_rdy

adon

adoff

help_screen



}

check _cas(NOSHOW);
sleep(1);
if laddflag) {
xbelrl);
addflag = TRUE,
} else
kbeir();
stcount = STIMEOUT * 50;

pmc_screeni)

}

asetattr{DISP_REV);

nmessage(0, 0, * Muitiple Casualty Monitor 7;
asetartr{DISP _NORM);

nmessage(l, 0, "CAUS HEART MOT. STATUS "%

nmessage(2, 0, " NO. RATE "%
nmessags(3, 0, "~ "%
nmessage(14, 0, "~ -

ssetatar{DISP_REV),

amessage{15, 0, "Press <HELP> for instructicns °);
asetattr{DISP _NORM);

wsetatr{DISP_NORM);

wels(},

pme_show(}

{

int i;

int B;

int status;
char ' br_stris);
char “hr_sptr;

/* «iter window if neccessary */
if (o = offwin{casptr)) {
if (a > 0)
wscrollup(a},
else
wacrolldown(—2a);

)
/* display cauaslties */
domore(});
fer (I = 0.1 < necas; i++} {
waettextpos{i, 0),
if (status = maxstais)) {
if {{ == casptr)
weetattr(DISP _RBLINK);
else
weatattr(DISP_BLINK),
)} eloe {
i (i == casptr)
waatatz(DISP _KEV),
clse
wastattr(DISP_NORM;,

)

It (casualty(il hrate > HR MINj {(
sprintf(br_stz, "%23d”, casualty()] hrate);
hr _sptr = hr_str;

} else
br_sptr = auil_hbe_str;

sprintf{lize, * %03d %38 % %1487, casualty )] cand,
br_sptr, motion_stricasuaity(i.stat.maticn,
s.at_stristatesi);

mm.c
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wputs(line};
wupdate();

pme_showl{i}

int i,

int status;
char hr_stris);
char ‘br_sptr,

/* aiter window 1f neccesiary */
.

*if(n = offein(casptr)){ iffn > 0} wserollup(n), eise wscrolldown(—n);
*}

/"’ update causity window */
wsettextposi, 0),
if (status = maxstat(i)) {
if (i == carptr)
weetattr(DISP _RBLINK),
else
wsetattr{DISP _BLINK),
} eine {
it (i == caspr)
wietattr(DISP_REV),
else
wsetattr(DISP_NORM);

}

if (casuaity:i hrate > 30) {
sprintf(br_str, "723d7, casuaity’)] brate);
ar_sptr = hr_wr;

} else {
hr_sptr = null _hr_su;

soriatf{line, © %503d %35 53s TF-14s", casuaity i casid,
br_sptr, motion _str casuaity’i] stat. motioni,
stat _stristatus),

wputs{line);

wupdlin{i);

Astatums)

{

}

char ‘s,

/' duplay status message el hine) */

osetattr(DISP _REV),

nsettextpos(15, 0),

oputs(” hE
nsettextpos(1S, 0);

aputys),

dupdia(15),

stcount = STIMEOUT * 50,

dstatusOfs)

{

[}

char s,

/* display primary ilelus message (Aaif hae) */

asetattr(DISP _REV),
asetlextpos(18, 0);

aputs(” )
osettaxtpos(1S, O);

aputs(s);

dupdin(15);

sicount = STIMEGUT “‘ s50;

min.c

...pme_show

pmc—showl

dstatus

dstatus(
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...dstatus0
}
dstatusi(s) ds tatusl
char ’s;
{ /* display secondary status message (haif
* linej */
asetatir{DISP _REV);
asettextpos(13, 15);
aputs(” )
asettextpes(15, 15);
Dputs(s);
dupdla(15);
stcount = STIMEOQUT * 50;
stat_clr{) stat_clr
{
if (stcount == 0}
nsetattr(DISP_REV);
nsettextpos(15, 0);
nputs{” %
dupd!n(15);
}
}
offwin{pos) offwin
int pos;
{ /° return scroll to get window pcs on sereen '/
int i
I = wgetorg();
if [pos < i}
retura (pos — i); /* sel dn neg */
if (pos > WIN _SIZE + i - 1)
retura (pos - (WIN_SIZE + i - 1));
return (0);
1awiz{pos) - inwin
iat pos;
{ /* return display row of window pos (-1 if
* not eis) */
int i;
i = wgetorg();
if {pos < 1)
retura (-1);
if (pos > WIN SIZE + | - 1)
retarn (-1),
return (Win_row_dorg + pos — i);
}
domoref() domore
{
int IR
I = wgetorg();
setattr(DISP _NORM);
ir (i >0 {
nmessage(3, 0, - emem e "=More=" e %

nputatts(3, 12, DISP_REV);

aputatir(3, 13, DISP_REV);

sputattr(3, 14, DISP_REV);

sputattr(3, 1S, DIGP_REV);
] clse
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...domore

nmessage(3, 0, "——m————m—m———m—osSo—m— oo oo H
it (ncas > i + WIN_SIZE) {

nmessage(14, 0, "yo-—e——————— v=MOore—y——m e v);

nputattr(14, 12, DISP_REV);

nputatir(14, 13, DISP_REV);

nputattr(14, 14, DISP_REVY

nputatr{s4, 15, DISP_REV),
} else

nmessage(14, 0, "———=————m=m=———o—oso—sooo———os .

}

/* xey board routines °/ .
keybit() keyhst

if (blpflag || dnflag [| upflag || deiflag [] addflag)
return (1};

else
return (0);

}
kbelr() kbelr

{
addlast = INACTIVE;

dellast = INACTIVE;
uplast = INACTIVE;
dolast = INACTIVE;
hiplast = INACTIVE;
addflag = INACTIVE,
deiflag = INACTIVE;
upflag = INACTIVE;
dnflag = INACTIVE;
hipflag = INACTIVE;
addstate = INACTIVE;
delstate = INACTIVE;
upstate = INACTIVE;
dnstate = INACTIVE,
hipstate = INACTIVE;

}

arrows() arrows
it (upflag || dnflag) {
it (upflag) ¢
upflag = 0;
if (casptr > 0)
casptr——,
} else if (doflag) {
doflag = 0,
if {casptr < ncas - 1)
casptr++;

return (1),

return (0}

addcas() addcas

int status,
iot n,

dstatus("Attempting PMC Activation™);

if {ncas >= MAXCAS) {
dstatus{"Limit Exceeded ~ PMC Not Added”);
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...addcas

sleep(1);
return;

}
/* attempt PMC activation */
retries = 0;
do {
/* pulse prozimity transmitter */
prox();
/* check for PMC response */
status = getpacket{2, "PPA", 0};
#itdef BENCH
dstatus{rpakbuf};
#endif
if (status == GOODPAK)
id = doppa();
retries+;
/*® repeat activation attempt until sucessful or too */
/* many retries */
} while ((status '= GOODPAK || id == 0) && retries < MAXRETRIES);
if (retries >= MAXRETRIES)
id = 0;
addflag = ©;
/* if id == 0 then activation was unsucessful */
if (id ==
( dstatus{"ERROR~—Repeat Activate Steps™);
sleep(1);
dstatus{"Put MM Near PMC, Press <ADD>");
} else if ((n = inlist(id)) = -1} {
/* prewiously activated PMC */
if (casualty[n].stat.timeout === 1) {
dstatus("Casualty Reactivated™);
casualtyinj.stat.timeout = 0
sleep(1);
} elase {
dstatus("Casualty Already Active™);
sleep(1);

} else {
casualty{ncas}.pmcid = id;
casualty{ncas|.casid == nextcasid;
casualty|ncas|.evaum = O;
casualty(ncas|.offw = 0;
casualty{ncasi.hrate = 0,
casualtyincas|.batt = 0;
casualtyincas|.mocount = 0,
casualtyincasl.ishib = {;
casualtyincas.stat hrhi = 0;
casualty|ncasi.stat hriow = 0;
casualty(ncasi.stat.lowpulse = 0;
casualty|ncas|.stat.offwrist = 0,
casualty{ncasi stat.battlow = 0;
casualty{ncas|.stat.motion = O;
casualty{ncas|.stat pakerr = 0

casualty|ncas|.stat.timenut = 0,

casptr = Dpcas++;

spriatf(line, "PMC %d ACTIVATED", id);

dstatus(line);

sieep(1);

sprint{(line, "MARK CASUALTY WITH #%03d", nextcasid++);

dstatus{line);

}

delcas() delcas
{
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...delcas

if (pcas > 0) {
/* confirm delete */
dstatus("Hit <DELETE> to Confirm");
delftag = 0;
deount = DTIMEOUT * 50;
while ('keyhit!) && dcount);
if (delflag) {
removecas();
dstatus("™");
} else
dstatus("Casualty Not Deleted");
} else
dstatus("No Casuaities to Delete");

}
removecas() removecas

int i, I

ncas——;
for (i = casptr; i < ncas; i++) {

=14+ 1

casuaityfiy.casid = casualty]j] casid;

casualty|i|.pmeid = casualty|j].pmcid;

casualty|i|.evoum = casualty{j].evoum;

casualtylij.offw = casualty|j].offw;

casualtylii. hrate = casualty(j].hrate;

casualtylij.batt = casuvaityij] batt;

casualty|i|. mocount = casualtyij].mocount;

casualty(i].stat.hrhi = cuualtyfj} stat.hrhi;
casualty|ij.stat.hriow = casualty’j] stat.hriow;
casualtyli|.stat.lowpuise == casualtyl;i stat.lowpulse,
casualty|(il.stat.offwrist = casuaity(j| stat offwrist;
casualtylij.=tat.battlow = casuaityij| stat.battiow;
casuaity|ij.stat. motion = casualty(j| stat.motion;
casualty|1.stat. pakerr = cuualtyf;].stat,pakerr;
casualtyji|.stat.timeout = casualtylj] stat.timeout;

}

wsetattr(DISP _NORM);

wein(ncas);

if (casptr > ncas — 1)
casptr = ncas ~ |;

)

check _cas(showmode) check_cas
int showmode;
{

int cursrow,

if (etime >= EVALTIME) {
evalflag = 1;
etime = OQ;

}
if (evalflag) {
if (curcas < ncas) |
if {casualty[curcas|.inbib)
casualty[curcas|nhib = 0;
else
getstatns{casualty|curcas| pmad),
If (showmode && ((cursrow = iawn(curcas)) '= =~1)) {
/* do curior, get und show status */
dsetcurspos{cursrow, 0);
deursor(1);
pme_showl(curcas);
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...check_cas
deursor(0);
}
curcas++;
} else {
curcas = ¢@;
evalflag = 0;

}

getstatus(id) gets tatus
, int id;

int status;

retries == 0;
casualty|curcas
casualty|curcas
doe {

docss(id});

status = getpacket(2, "PSS”", id);

retries+-+;
} while (status != GOODPAK && retries < MAXRETRIES);
if (retries < MAXRETRIES)

dopss();
else {

casualtylcurcas].stat.timeout == 1;

.stat.pakerr = 0;
.stat.timeout = 0;

}

iniist{id) inlist
int id;

{ /* return casid if pmeid is in casualty list ¢/
int i;

for (i = 0; i < ncas; i++) {
if {casualtyli].pmcid == id)
return (i);

return (-1);

}

alarm(nbeeps) alarm
int abeeps;

while (nbeeps——) {
dcount = 20;
H11PORTA = HI11PORTA & Oxef;
waitdl});
H11PORTA = HI11PORTA | 0x10;
if (obeeps) {
deount = 20;
waild();

)

maxstat(i) mazstat
int i;

if (casualty!i].stat.timeout == 1)
retura (7);

if (casualtyi].stat.pakerr == 1}
return (6j;

if (casualty(i}.stat.offwrist == 1)

Dec 18 10:29 1989 Page 17 of mm.c




mm.c

return (4);

il (casualty(i].stat.hriow == 1)
return (2);

if (casvaltylij.stat.hrhi == 1)
return (1);

if (Lasualtyfi].stat.lowpulse == 1)
return (3);

if (casualty i).stat.battiow == 1)
return (5);

return (0);

waitd()

while (acount)
if (arrows())

pme_show();
}
checkd(}
{ it (dcount) {
it (arrows())
pmc_show();
return (1);
return (0);
}

Dec 18 10:29 1989
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...mazstat

waitd

checkd

J* check deount to cee if still active */
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/t.tttt!tlll‘tl"‘ti‘l‘lltl!.ltttl‘ttt‘tn8“3tl"l“3“"‘!““““..‘!“‘!/

/* dein.c: : .
/* AND1991 LCD display rouline for use with the Multimonitor: */

/ﬁtl“l’tl!ll!lllllt‘tttllttllttatiltllllttlIl‘t"llﬂi’l"l".“’&‘tl.!titl/

#inelude <display.h>

de!n(line) dein
int line;
{

int ;;

dsettextpos(line, 0);

for (i = 0; i < DISP_COLS; i++)
dpute(” °);

dsettextpos(0, 0);

/ttantt:cttt:scnaa:at&aaaun-a0nltaatatataloactaottttt:ttactcalaatttttattttt /
/
/' dels.c: a/

/® ANDiu91 LCD display routine for use with the Mullimonitfor: ¢/

/l"ll."l'l‘.( .l"l‘I.lllt'l“I“‘l.l.ﬁ‘l"ll‘.""."’....“'“‘.l""“'/
/

#inelude <display.h.-
dels() dels
{

int i, J;

for (i = 0; i < DISP_ROWS; i++} {
dsettactpos(i, 0);
for (j = 0, i < DISP_COLS; j++)
dpute(” 'j;

dsettextpos(0, 0);

A e S S L L L
/" detrl.c: */

/* AND1091 LCD dispiay routine for use with the Mullimonitor: ¢/

/“i.."lOOI‘OOOOOl!l!.ll..l“.t‘.‘l!lt“l‘l"..Ollltlﬁttll"l‘..ll“l‘l.'lI

#inelude <display.h>

detr(v) detrl
int v

/* send control byte to display */
DISPWAIT;
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...detrl
DISPCTL = v
/O"“".ll“lt""’.i"‘3‘!““l‘l‘ll’.‘lll“’l“l“‘t‘ll"l‘lll‘l!“."l‘/
S detrile: ./
/* AND1091 LCD display routine for use usth the Multimonitor: ‘/
/"ll’lllll‘."'l"..."l'lfl".‘.l‘.’l.“."..’.l‘l!l..l‘l.tl..‘lll‘."..t/
#inelude <display.h>
detrli(v, data) detrll
int v, data;
{ /* send di:play one data byte */
DISPWAIT; /* and one control byte
DISPDATA = data,;
DISPWAIT;
DISPCTL = v;
/‘..‘.""l‘l“l‘.‘.‘l.“".“"..".‘.'.".lI".l’ll.“l‘.l....““.""‘.“//
/* detrl2.c: ./
/* AND1091 LCD display routine for use with the Muitimonitor: ‘/
/.l‘l’l.l.l)’l‘l'lﬂ"’l‘ll“'O‘.“l““‘.l‘l‘...‘l‘.lll"lllll""il"l'll’/
#inelude <display h>
detri2(v, datal, data2) dctrl2
int v, datal, data2,
{ /* send display two data bytes */
DISPWAIT, /* and one control byte
DISPDATA = datal;
DISPWAIT,
DISPDATA = datal;
DISPWAIT,
DISPCTL = v;
/U‘l'.‘..’.l."‘l.'.'.l’l‘.‘."l..".l..'.‘.".ll"O“‘l‘..ll'.ll’.‘.“’.l./
/* deursor.c: ‘/
/' AND1091 LCD display routine for wie with the Multimonitor: '/
/'.“"‘P.“"..‘ll‘..‘ll..“lll'.ll.lll’lll.“lll'."’ltl'.'li.ll.ll‘..“‘/
$#ineclude <display.h>
deursor(mode) - decursor

int mode;

{
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if {mode)
detrl{0x9E);

else
detrt{0x9C);

/ttltttli’tlt!ttt!t’t!tlt.tlt‘tt’tt!l‘t!ttl!lt‘tl‘.l!ll!‘ltltt!l.‘tllttll’t/

/* deursor.c:

/* DISPLAY CURSOR ON */

/* DISPLAY CURSOR OFF */

/* AND1091 LCD display routine for use with the Multimenitor:

/l!!t.tlt.tlt’.ltttlll‘il‘OOt.tllO‘t‘ltlOl"‘ll!‘.‘0.l.“t“ltt‘i‘d‘i‘ltlt./

#inelude <display.h>
deussor(mode)

int
{

if (mode}
detrt(Mx9E);

detr}(0x3C);

/.‘ll.lll“...ll“'.ll.lt"‘l‘.‘0!OD.'U‘.".‘.‘...l“‘ll....."..“‘ll...’./

/* deurssize.c

/* DISPLAY CURSOR ON */

/* DISPLAY CURSOR OFF */

/* AND1091 LCD display routine for use with the Multimonitor:

/.J.l‘.‘..‘.."‘l“l"l.‘l“.“"l'.l‘".“‘.““...'.llll.".l“‘!‘.l"‘../

#inelude <display.b>
deurssize(size)

int
{

size == OXAO | {size & O0x07);

detri(size);

/‘.'l...‘..‘l“"".".l.“.‘.‘ll'l“‘.'!‘l“ll.l.t““..'llﬁflll.l‘.llOll‘/

/* ddata.c:

/* CURSOR TYPE

/* AND1091 LCD display rovtine for use wilh the AMullimonitor:

/l.‘..ll.lll".lt“l.l.!.!l".C.Oii"Ol“‘.‘ll".l‘IOOO“"".OI.(.ll.lt!'./

#include <display h>
ddatac)
iat

displib.c

...deursor

*/
dcursor

*/
dcurssize

t/

*/

ddata
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-

/“l‘l’..l".‘.“ﬂ“.l""l"’l.ll“.‘t‘l"l‘.l.l’.l'.I“.’l.’.l‘.tl’.‘.l!l/

DISPWAIT,

DISPDATA = ¢

/* disp_init.c:

/* send data byte to display */

/* AND1091 LCD display routine for use with the Multimonitor:

/lI‘l“.l’l‘l..‘l"‘l"l.".l‘.llll"talll.“"lt'll‘l"‘.l.’l!lll.!ll‘.l../

#inelude <display.h>

disp_init{)
{

int i, 5

while {(DISPCTL & 0x20)

dctr!(0x84);
detrt2(0x40, 0, 0XOA);
detri2(0x41, Oxle, 0);
dctri2(0x42, 0, 0XO08),
detrl2(0x43, OX1E, 0),
detri?{0x24, 0, OX0A);
detrl2(0x24, 0, 0Xo08);
detrl OxAD);
detrl(0x9C),;
Disp_text_row = 0;
Disp_text_col = 0,
Disp_curs_row == 0,

Disp_curs_col = 0;

Disp_text_attr = DISP_NORM;

Nxt_taxt_ruw = 0;
Nxi_text_col = 0,
Nxt_curs_row == 0,

Nxt_curs _col = 0

Nxt_text_attr = DISP_NORM,

= 0);

/* MODE SET */

/* TXT HOME CoM */
/* TXT AREA COM */
/* GR HOME COM

GR AREA COM

ADDR PTR SET °*/
ADDR PTR ST */
CURSCR TYPE |
DISPLAY MODE SET */

fer (i = 0, i < DISP_ROWS, 1+4) {

fer (j = 0; j <

DISP_COLS, j++) {

displib.c

...ddata

disp_tnit

*/
*/

*/
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Cur_img_chli][j] = OxXFF;
Cur_img_atli]ij] = OxFF;
}
ncls();
dupdate();

/‘tlltttl.‘t.tllt‘t‘!l‘O!l"t..ttt..‘t.t’l.t.‘”"Ol‘“tli’lt’ttttt‘lt!ttt‘/

/* dmruage.e: */
/* AND1991 LCD display routine for use with the Multimonitor: ¢/

/l.llltt‘t.‘t.lttt!.tt.‘lllt‘Oll‘l.'.‘0!..."‘!‘3“!0.‘tat‘l!.’.ttl’ttll't‘/

#inciade <display.h>
dmessage(r, ¢, s}
int r, <
char ‘s,

dsettextpos(r, c};

dputs(s);

/"...‘."‘.J“..""....‘."..'.”.."‘.‘..‘...‘....‘.‘.’.‘.““...'..."‘/

/* dputattr.c:
/® AND1091 LCD display romiine for wse with (he Multimonitor:- */

/lOOO.IOOl.."‘l‘l‘.Cl"lll.ll!"l.‘li!..‘.t’.“‘.l’.ltil‘.i't.‘n‘l“!li‘ll/

#include <display h>
dputattr(r, ¢, attr)
ist 7, £, attr;
{
dsetattrpos{r, ¢},

detrl1(0XCO, attr);

/llll!.t.l‘l.‘ll..li.ll‘lll0‘.'0.‘.0.000.0..'.0!‘ltOOOOOIIOGIOOOOOOOlltllfl/

/° dpstee:
/* AND1091 LCD dispiay rowting for use with the Multimenitor: '/

/l!.l“.’.llt.lll‘i."0000“.lll0.00lo..‘!O000‘0‘.0.‘0.0!00!"00000.!!@Otl./

# ' nelude <display b>

dpute{c)
( ind ¢;

displib.c

4

4

...disp_init

¢r. 'seage

dputatir

dputc
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...dputc
if (c == "\n’)
Disp_text col = 0;
Disp_text_row = (Disp_text_row + 1) % DISP_ROWS;
}
else {
c = ¢ ~ 0x20;
/* wrile char */
dsettextpos(Disp_text_row, Disp_text ccl);
detrl1{0xc0, c¢);
/* write char’y altribute */
dsetatirpos(Disp_text_row, Disp_text_col);
detr!1(0xc0, Disp_text attr),
/* update row end col warigbles ¢/
Disp_text_col++,
if (Disp_text_col >= DISP_COLS) {
Disp_text_col = 0;
Disp_text_row++;
if (Disp_text_row >= DISP_ROWS) {
Disp _text_row = 0,
}
)
)
/..“"l."'l'.l'“..‘..’.llll‘ll.".l‘ll'.““....l““.Ol‘l'l"‘..‘l'.l../
/' dputchar c: */
/* AND1091 LCD display routine for wie wih {Ae Muilimonitor: 'y
/'.‘ll‘ll’.'."""..'...'l".".‘."'.ll.l.l‘....‘l"l."..il.ll‘.ll'l"l./’
#inelude < display hos
dputchar(e, ¢, ch) dputchar

int r, ¢, cb,

{
ch == ch - 0x20;

dsettextpos(r, ¢);

detri1{0xc0, ch),

/l‘lllOlllllOllO.ll.0"OOOIOlIOOIOOOOOOIOlOlOlIOOOOCDCOOQODOUOOIOIGOill.lll/

/"t dpuls ¢ 'x Ly
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/* AND1091 LCD display routine for use wilh the Mulisronitor: ./

/l”lltltt.l‘ll'!‘l!lll“lttlt!tllltllt“ttlttll"Ol.‘ttt.!'ll.tvlc’l‘ltlt'/

#include <display h>

dputs(s) dputs
char

{

/’ll‘ll‘il“““.&'lll"‘.“.""l‘“l.‘.]ll"l“""‘.‘ll..'.t'ltl‘].‘."‘./

/*? dretaadir.c: <

/* AND1091 LCD display routine for use with the Mulfimonilor: '/

/l’lllll.'l‘01!...‘000'0"ltl.lll‘.ll!Ili'iltt.!l.’l!tl"tll‘tl!i’ll'.t.l"’

/

#include <display.h>
drc2aaddr(r, ¢, msb_ptr, Isb_ptr) drc2aaddr
int r, ¢ ‘msb_ptr, 1% ptr;

Msb_ptr = ¢ * 30 + g

‘msb_ptr = DISP_AADDRI1M;

elee |
sb_ptr = (» ~ 8} * 30 + ¢
‘msb_otr = DISP_AADDR2M;
)

/""."'..'.""."l‘l""l.".‘l"'.‘".'..."‘.‘.....“.‘“'.“‘.“"..‘/

/¢ dre2taddr.c ./
/* ANDIO®Y LCD display rouisne for use wilh the Mullimenitor: ¢/

/.ll.l“"olcllol..n'..‘l’llllll"l'oll!llll!.l“l‘llll‘l’l.‘.!l.l‘.l‘.llt‘/

Pinclude <display b>
drc2tadir(r, ¢, mab_ptr, Isb_ptr) drc2taddr
fat 1, ¢, ‘msb_ptr, Tsb_ptr,

)
it (r < 8| ,
b _ptr = r f 30 + ¢

‘mab_ptr == DISP_TADDRIM;
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else {
Msb_ptr = (r - 8) * 30 + ¢
‘msb_ptr = DISP_TADDRIM,
}

,’lllll.lllll‘l.tl‘l.ll‘l'll..'l.’.'i‘l'l‘.l.lllll.!"."‘ll.‘.'l‘l..'ll.‘ll/
/

/* dsetatirpos.c

/* AND1091 LCD dispiay routine for use with the Multimonitor:

'/

4

/l!‘l.llll.ll'.ll"tlll“l‘lll.lll‘!‘..ll..!l.l.ll..l“i‘.l...l'.ll.ll“!’ /
/

#include <display 8>
dsetattrpos(r, ¢}

int r, ¢
{

int 1sb, msb;

drctaaddr(r, <, Zmsb. &isbj
dzr12(0X24, Isb, msbl
Disp_text_row = r,

Disp_text col == ¢;

FRCB B BN OB EBE O ERTI 000000800020 0000000008R0000880PS0RRRRIN0000IRRROSRISIPISIIETSE !/
7

;* dsetatfr ¢

/' ANDi091 LCD dusplay roswtine for use with the Mullimonitor:

Y/

/‘.."‘O"'..'l..“l'.llll'l.“'l.l'“.D.O.lll’.O."l..l.l"..lll.ll!l.ll.l ’
/

#iuclude <display h>
dsetattriuitr)

118 attr,
{

Disp_text attr = attr

/llll!.ill’.'l.l“...l.l.!'.‘.0.'0'lll‘l‘l.l..“.‘..ll‘ll'l‘.‘.’.lll.llllll/

/* daetcurspos.e

/% AND1091 LCD dispiay rosting for wie wnih (he Muitimoniler

7/

t/

l/'

/'0!0!0‘ll.l..ill‘l.o.llll.....'ll".l.ll’."!"‘.l.lll.l..'.."..ll‘.’l.../

#imelude <dispiay ko
dsetcurspos(r, c}

int [
{

displib.c

ceowrcStaddr

dsetatirpos

dsetattr

dsetcurspos

T ———w——
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...dsetcurspos

f(r >= 8)
= r 4+ 0X10 - 0X08;

i
r
detri2(0X21, ¢, r);

Disp_curs_row = r;

Disp_curs_col = ¢;

/'ll3‘.‘.tl.lIOt"‘tlttl“l‘tlll‘.’.ll’tl.lIltltl‘ll""llll.ll“ll!ll‘ll!‘/

/* dsetteztpos.c ‘/

/' AND1091 LCD display routine for use with the Multimonitor: */

/“l"‘ll]“l"I““.""‘l‘lll‘.‘t"...”‘U‘l.l"."".“‘..“".’.l"""/

#inelude <display.h>

dsettextposir, c) dse tte:z:tpos
int r, c
{

int isb, msb;

drcstaddr(r, ¢, &msb, &lsb);
detrl2(0X24, lsb, msb};
Disp_text_row == r;

Disp_text_col = ¢;

/'.Illltlll"C‘ll“'ll"l"ﬁll‘.ll“l‘t‘l"l‘l“l‘.“l‘ll'llll’.""ll‘lll./
/* dupdate.c ) */
/* AND1091 LCD display routine for use with the Multimanitur: v/

/ll‘tlll‘l"Cl..tl“‘ll’.ll'll.ll.ll‘."."ll'llI"l‘..l'ttlslt!ll“l‘llll'/
!

#inelude <display.h>
?u;da:() e dupdate

int i.

for (i = 0; i < DISP_ROWS; i++) |{
for (j = 0; j < DISP_COLS; j++) {
if (Cur_img_chlil[j] t= Nxt_img_ch{ij[j]) {
dsettextpos(i, j);
dputchar(i, j, Nxt_img_chli}jl);

Cur_img_chfil(j] = Nxt_img_chlif(jl;

if (Cur_img_atfilljj '= Nxt_img_atfilfil) {
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...dupdate

dsetattrpos(i, j};

dputater(i, j, Nxt_img_atlij}jl);

Cur_img_at{i}}jj = Nxi_img_atiijij};

}

Disp_text _row == Nxt_text_row;
Disp _text col == Nxt_text col,
Disp _curs_row = Nxt_curs_row;
Disz _curs_col = Nxt_curs_col;
Disp_text_attr == Nx!_text_attir;

dsetcurspos(Nxt_curs_row, Nxt_curs_col);

/.'.ll!tl.l..l’llll‘..!l'lt"ll.ll‘ll“".l!“‘l..l.ll!‘tl‘l.ll‘.“‘l'l."./

/* dupdin.c */
/* ANDI1091 LCD display routine for use with the Aultimonitor: */

/‘l‘l“l(‘l'!llllll!lll‘lll‘O.lCl‘llllll!‘.Jl.l.lC".’ll.lll“‘ll“"ll‘ll'/
/

#include <display h>
dupdin(i) dupdin

int i
{
int IR

for (j = 0; ) < DISP_COLS: j++) {
it (Cur_img_chiijljj '= Nxt_img_chliifj]) {
dsettextpos(i, J);
dputchar(i, j, Nxt_img_chiijljj);

Cur_img_ch1if)l = Nxt_img_chlil]j};

it (Cur_img_atnjf)) '= Nxt_img_athi)}]) {
dsetattrpos(i, j);
dputastr(s, j, Nxt_img_atlillj});
Cur_ims_adil[j] = Nxt_ung_atlil{j};
}
Disp_taxt_row = Nxt_text_row,
Disp_text col = Nxt_text col;

Disp_curs_row = Nxt_curs_row,
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Disp_curs_col = Nxt_curs_col;
Disp_text_attr == Nxt_text_attr;

dsetcurspos( Ixt_cﬁrs_row, Nxt_curs_col);

/’l“‘."“‘l.'“““"l.ﬁ"ﬂ“’ll“‘l‘..'..’“""“3"““"‘l"..‘l"“‘/
/* neln.c:
/* AND10S1 LCD display routine for use with the Multimonstor: */

/ttt’tt!l‘ttttllttl‘l‘ll'tltl‘t‘tItt.tttl!l'i‘!‘ttlllt‘l.tttll‘citl’.tt.'ll/

#inelude <display.h>
ncin(line)

int line;
{

int i

nsettextpos(line, 0};

for (i = 0; i < DISP_COLS; i++)
apute(” );

nsettextpos(0, 0};
/.llll.‘lﬂlllll“l“‘.l’.".‘l"“‘l".l.‘l.".“.!“‘.’..."..“"‘llﬂ“"/

/? nels.e:

/* AND1091 LCD display routine for use with the Multimonitor: ‘/

/..l“"..l.l““..‘ll‘ll“‘l'.t‘l"‘"‘Cll“.ll.‘.l.“‘ll.’l’.tlll"‘.'l’l/

#include <display.h>
ncls()
{

int b

for (i = 0; i < DISP_ROWS; i++) {
osettextpos{i, 0);
for (j = 0; j < DISP_COLS; j++)
spute(” 7);

nsettextpos(0, 0);

/ll.l‘l“..".‘.l“l’u’."l..““‘.ll“ll"'.."l“"'lll..'l"."...'.“../

/* nmessage.c:

Dec 18 10:54 1989
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...dupdin

*/

nein

'/

necls

*/
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/* AND1091 LCD display routine for use with the Multimonitor: '/

/"l.ll‘llt’llll!13""!.’!"!ll.l’ll"tlttttllltl.lll!Ctltlt‘tt.‘.‘ll‘lt“/

#include <display. h>
nmessage(r, ¢, )
iot r, C
char H

nsettextpos(r, ¢,

nputs(s);

/l‘.lltlt!‘.l‘!"I“.tll‘l‘lll.‘!ll"l‘""t"ill.'l’llll““ll‘l...l..‘l“/

/? nputattr.c

/* AND1091 LCD display routine for use with the Multimonitor: */

/ltltlllllllllll‘l!.lil!.l!l‘l’ltllll“l“l.lll‘t.lll"lll.""‘.l"‘.“‘l./

#include <display.h>
npuiattr{r, ¢, atir)

int r, ¢, attr;
{

. .
Nxt img atfrjic] = autr;
— — Vo ’
/""l"lll.'l"l.’l‘tll"l'l.l‘l.lll'l...’l‘l‘l."’.ll....."‘.““..l‘."/

/* npute.c

/* AND1091 LCD display routine for use with the Multimonitor: t/

/’ﬁllllll.ll‘lI‘ll‘".!0ll‘.lll..l."l‘l"‘l..l.lll“.lllﬂiﬁﬂli.“litlﬂll'./
i

#inelude <display h>
npute(c)

int ¢
{

if (¢ == "\n’) {
Nxt_text_col = 0,

Nxt_text_row = (Nxt_text_row + 1) % DISP_ROWS;

else |

/* wrile char */
nsettextpos(Nxt _text_row, Nxt text col);

/* write char’s attribute */
nsetattrpos(Nat_text_row, Nxt_iext col);

Nxt_img_ch{Nxt_text_row|[Nx:_text col] = ¢;

Nxt_img_at{Nxt_text_row|[Nxt_text_col| = Nxt_text attr;

Dec 18 10:54 1989
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nmessage

*/

nputattr

¥4

nputc
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/* update row and col variabies */
Nxt_text_col++;

if (Nxt_text_col >= DISP_COLS) {
Nxt_text_col = 0;
Nxt_text _row++;
it (Nxt_text_row >== DISP_ROWS) {

Nxt_text_row == 0;

}

/‘l!ttt‘ll‘Ittt‘tl"ttl“l"t“‘tt!ttt’tttl'tt0’O“t‘tl“‘(“‘tl‘.l"tl‘t‘3/

/* nputchar.c
/* AND1091 LCD display routine for use wilh the Multimonitor: */

/tltlttlllltlt"!tt‘tt‘li’llt‘l't.Oﬂttlt‘.tttl‘ltt“t‘tOl’l‘l‘l‘.tt"‘ltll./

#inelude <display.h>

nputchar(r, ¢, ch) ,
int r, ¢, ch;

{

Nxt_img_ch[r]lc] = cb;

/.!tt‘!il.ltt!llttl‘tt“““‘i‘i"l‘lllt‘t.l.tt.tIl!!ttll.l.‘li!w‘t.“l'ltt/

/* nputs.c
/* AND1091 LCD display routine for use with the Multimonitor: - ¢/
/'l‘l.l‘l‘.ll"‘ll".lll.l“‘llll‘ltll"l."tl."“‘"!"0“"“'.“0“."‘/
#include <display.h>
nputs(s)

char ’s;

{
while (%} {
npute( ‘s);
s+

}

/.Il.’."l‘lll‘&.‘l‘.ll.l!!lld‘.“l00.‘..."l.l"“t.ll0!..00‘.‘0!'.‘..'!.0/

/* nsetaitrpos.c:

/* AND1091 LCD display routine for use with the Muitimonitor: */

/.l“..tl.lll.!.‘l.“!‘..“t’.‘tlfOOCCQt‘l"OOIlU‘.ll““.Oll..l..“‘l.‘!“/

#ineiude <display.h>
nsetattrpos(r, c)

int [ S

Dec 18 10:54 1989
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...npute

*/

nputchar

t/

nputs

*/

nsetatirpos
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...nsetatirpos

Nxt_text_row = r;

Nxt_text_col = ¢

/tll“l‘?‘l‘(l‘l‘tl.l!tl!lt'ttl’llll“l.l.l"fl"ll‘tl.l’!t!lvltll’u.l‘.ll‘!//

' "/

nsetatirpos.c:
/* AND109: LCD dispiny routine for use with the Multimonitor: */

/Il‘ﬁll‘lt“l“‘.’l".""‘.‘.ll‘l.l.l‘l“‘t!‘tl“‘l.“l“llll!‘!!ll.‘lll“/

#inelude <displayh>

nsetattr(ats) nsetattr
int attr;

{

Nxt_text_attr = atir;

/i.lll‘lt“t'l‘lOllli’l."30‘!‘.‘.“‘8‘!!‘.!0"“l'lltlit‘lﬂll.llll‘.ll‘l“/

4

/* nsetcurspos.c:
/* AND1091 LCD display routine for use with the Mullimonitor: '/

/.“Ult"l‘il’l!’lll‘llllll"l‘.ll.tl’O.’t’lll!"!l!l.l.‘tl’i.‘l!ll...ll“‘/

#inelude <display h>
nsetcurspos(r, ¢) nsetcurspos
iat L,

{

Nxt_curs_row = r,

Nxt_curs_col = ¢

/O‘ll““ll!i“!‘t‘l I.C.illlll"‘lll‘lO!“.'tlll’l.l‘«l’O’ll.l‘...’.‘.‘.lll‘/

'/

/* nasettestpos.c:

/¢ ANDI1091 LCD display routine for use with the Mullimonitor: ¢/

/r"u“.""".‘.llvl‘.l..’l‘llIll‘l...i’l.'.l.."l...ll.‘ll’l.l"‘ll.-.l"'/

#inelude <dispiay h>

nsettextpos(r, ) nsettextpos
int LS

{

Nxt_texv_row = r,

Nxt_text_coi = ¢

/.“.l0'll.l"l‘."-‘.‘0‘..'.l"’l’l’l‘l“l....‘."ll“lllli‘lll.l"l‘..‘..ll/

- P P Y .Y Fagc 1‘ 0]' d‘l‘lp"ib-c
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/* weln.er s/
VA ANDIOQI LCD display routine for use with the Multimonitor: ¢/

/tttt‘lt’tltltltl.ltltttiti'ttllt‘t!lttlttit“‘l0!lll!t!t‘t.lttl“lt‘ttt.tt/

#include <displaz.h>

weln(line) weln
int line;
{

int i

wsettextpos(line, 0);

for (i = 0; i < DISP_COLS; i++)
wpute(® °);

wsetiextpos(0, 0);
/“ll‘ll‘.‘lli"l.l‘-t‘f.‘l"“’l""“‘i“"tl.“‘l’.‘l.""‘l’ll“l""‘t/

/* welse: s/

/* AND1091 LCD display routine for use with the Muitimonitor: ¢/

/tttlOll."‘llll‘.ltl‘Cltitullttltt.tl“'lll‘ctllt!l.tttt‘l(lllt!ltt"l‘ltl/

#inelude <display.h> .
wels() wels
{

int iv J;

fer (i = 0; i < WIN_ROWS; i++) {
wsettextpos(i, 0);

for (j = 0; j < DISP_COLS; j++)
wpute(® °);

wsettextpos(0, 0);

/OOO"‘.l‘..‘ll"‘l‘l‘..'ll‘.'O'l.lll.l‘l..‘.l""...‘...l...‘l.l"l‘l"‘../

/* wgetorg.c: */
/* AND1091 LCD display routine for use with the Muitimonilor: ‘/

/l!tl!..00.“‘!0'.!‘!‘0.!“!l.t'i.ll!l.t‘l‘l'll‘l.““‘l'.‘oltlll.‘.ll!lttt/

#loelude <display.h>
wgetorg() wgetorg
(

returen (Win_row_org);
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/‘“"“’Il““l“"”.'lll"a“‘.ll‘..""“".l.'."“‘.""‘ll"‘.’.."l/
/" win_to_nzt.e: y

/* AND109: LCD display routine for use wsth the Muitimonitor: £/

/talllnllanttaaatalltlltalcaucc:lttt:ctltlttltOlltlll’Ollttaat:ncttttt:nlnt/

#inelude <display.b>

win_to_nxt() win_to_nzt
{

iat i, J, nrow, wrow,

nrow = Win_row_dorg;

wrow == Win_row_org;

for (\ = 0, i < Win_row_len; i++, nrow-++, wrow++] {
for (j = 0, j < DISP_COLS; j++} {
aputchar(nrow, j, Win_ch{wrowi/}ij,
nputattr(arow, j, Win_at{wrowi(j]},
}

nsettextpos(0, 0);

/"‘.l"‘.‘.f‘l\1Il‘."‘l."l.t.“.“l..l’.l"‘ll.‘.‘l“""...’l..l..l..‘.ll/
/* win_to_nin.c: *+/
/* AND1091 LCD display roufine for use with lhe Mu/iimonifor: ¢/

"OJO.‘.“Ell‘!.lll"'ltl.u‘ll‘l'll!l“l‘l‘i‘l‘llllitll’l.l.“.'ll..l."itt/

#inelude <dispiny.h>

win_to_nin{wrow) win_to_nin
int wrow,
{

int i, nrow;

int offsey;

offset = wrow — Win_row _org,

if (offset >= Win_row_len || offset < 0)
returs;

arow = Win_row_dorg + offset;
fer (j = 0, ; < D'SP_COLS, j+~) {
pputchar(arow, j, Win_chiwrowilj]};

aputattr(srow, j, Wir _atiwrowl(j]);

Dee 18 10:51 1989 " ea r 1 a0t
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/ltltil‘lvl't'l.lltt‘lllt!lttl"tlt‘tli.ttttttttt‘tﬂl't‘ldt“ll‘ltltl’ltt!l/

/* wmake.c: */
/* AND1091 LCD dispiay routine for use with the Multimonitar: t/

/Illll‘t!lll‘l'll"“ll‘lltllll‘l"lllll.llll"'.“““""ll‘l“"‘.‘."l‘/

/
#include <display.b>
wmake(drow, len) wmake
int drow, len;
{
Win_row_len = len;
Win_row_org = 0;
Win_row _dorg == drow;

wsatattr(DISP _NORM);

/lln'lttltllllll!lt?llt‘!.‘Cll.llc'lt.attt.‘.tll..'!lt.l‘tll!tl’!‘a“t“.‘O/

/* wmessage.c: o/

/' ANDIvs: LCD display routine for use with the Multimonitor: 2/

/lnt’til:atl.ll"‘lll‘tt“‘l'll.llt'."!lttl‘!‘tll.’ll‘fl“ll‘lt‘i!ltl!"li/

#inelude <dispiay.h>

wrmessagze(r, ¢, s) wmessage
ice roc
char *y;

wic.textpos(r, =);

aputs(s);

/!llilll‘v..lllllall‘.llll.llld‘ll!.l‘OlOlOOJOilt.l“tl‘t!tll.!tltll.ltilit/

/' wputattr.c: '/

/* ANLD1091 LCD display routine for use with the Mullimonitor: ¢/

/l"ll“.“'llll’.l“‘..ll““‘.‘..‘.llllll‘.l'll“.i.’l.l.‘..'Ol‘.‘.“lll./

#inelude <display.h>

wputattz(r, ¢, attr) : wpulatty
int r, ¢, attr
{

Wia _atfr]fc] = attr;

/Ol!ol.tlOOtl‘ll‘lll.ltlll.lcl.llllli.‘l.‘l‘.liil’.l.'lilllt‘il"ll.l.‘ll'l/

/! wpule.c: , ¢/
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/* AND1091 LCD display routine for use with the Multimonitor: ¢/

/"JItl.“"!!l“.‘“"lll‘l‘lt‘llt!‘llllil“‘!l“‘.lIl!..““"!‘l‘l“‘lll/

#inelude <display.h>

wputcic) wputc
int ¢
{
if {c == "\n7) {
Win_txxt_col = 0
Win_text_row = (Wia_text_row + 1) % WIN_ROWS;
}
else {
/* write char */
wsettextpos(Win _text_row, Win_text_col);
/* write char’s atiribute */
wsetattrpos(Win_text _row, Win _text_col);
Win_ch{Wia_text_rowiWin_text_col] = ¢
Wir_at{Win_text_row|[Win_text_col] = Win_text_attr;
/* update row and col variables */
Win _text_col++;
it (Win_text_col >= DISP_COLS) {
Win_text_col = 0;
Win_text_row++;
if (Win_text_row >= WIN ROWS) (
Win_text_row = 0
}
)
}
/‘l”lll.l‘l‘"l'.‘l.l‘.l.."'.‘...‘..lﬂﬂitll‘.l‘l'.'"l‘llll."..ll.‘...../
/* wputchar ¢ ¢/
/' AND1091 LCD display routine for use with the Multimonitor: '/
/‘l..l..“..“..'.‘l“bl'.l’lll.‘l.'..".llllll‘.l"O."lll.l‘l“.l."l“ll/
#inelude <display.h>
wputchar(s, ¢, ch) wputchar

iat r, ¢ cb;

{
Win _chirjle] = cb;
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/tl’!!t!‘!.liltttt“‘tt!!t‘ta.t’lt8!‘l‘ttt.‘.tOt’ltl’.Otl.t'l“l‘.t.ltl!‘t‘/

/* wputs.c:
/% AND1091 LCD display routine for use with the Multimonitor: */

/tt!tlt.)ttlltt‘ltll"ttttttlllftlttt!lll!‘l““'l‘“.l‘tltttttllttlll.t.l‘/

#inelude <display.h>
wputs(s)

char %;
{
while (') {
wpute( 's);
s+

)

/0!l‘!tl!t.lt.tOt!‘lO.!.ll"‘ll‘l.ll.ll.l.tlll‘lOt‘8!!1000"1“!0‘!'..’!!“/

/* wseroildown.c:
/* AND1091 LCD display routine for use with the Multimonitor: ¢/

/alll‘tlll"tt!l.tttt".l'!ll.l‘!'ll!l!ll‘ttl“.tl."!“ll.t!liﬁll..tt‘l!t./

#include <display.u>
wscrolldown(n)

int n;
{

Win_row_org —= u;
't (Win_row_org < 0) {

Win_row_org = 0;

wia_to_nxt{);

dupdate();

/"..!‘l.'lll‘.."l.l“’.‘.lllll'lllt’l'Olllll’.‘.‘l'l'.lll‘."‘l"“"l.l' !

/

/* wacrollup.c:

/® AND1091 LCD display routine for use with the Mullimonitor: ¢/

/O‘l..ll‘l‘Ollttlﬁtllllllﬂﬂl.li!llttll!l’llill‘lll.i0.“.".000!0.“‘0!“!‘/

#include <dispiay h>
wscroilup(a}

iat o,
{

int lastpos;

lastpos = WIN_ROWS - Win _row_lea - I;

displib.c

*/

wputs

4

wscrolldown

/

wscrollup
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Win_row_org += n,
if (Win_row_org > lastpos) {

Win_ro's_org = lastpos;

—

wiz_to_nxi(),

3 .
dupdate();
/a““""‘.‘."“‘.‘.l‘l“."".I‘.l.‘lllll..l‘nl.‘.‘..l."ll.‘.““l‘lll./

/* wsetaitrpos.c

/* AND1091 LCD display routine for use witn the Mullimonitor: */

/lll.llll‘ll‘ll.l"“‘l"‘..tilll“‘i‘.!.lllll.'lllOﬁ‘l'..l‘l'l'!lll!"‘li./

#inelude <displav.h>
wsetattrpos(r, c)

int r,c
{

’

Win_text_row == r,

Win_text_col = ¢

/“’..‘.‘.‘..l".i‘ll“l‘.‘l'.'l“llll’lll!lli“.....’I.l‘llltl“!.l‘l‘l."/

/* wsetatlr.c

’

/* AND10%1 LCD display routine for use with the Muitimonstor: */

‘l.‘.“l.‘.‘l..““lll“l!‘li.l""l."l“l.l‘ll.lll"l‘ll“‘lil.."'.’.‘ll/

#inelude < dispiay h>>
wsetattr{attr)

int attr,
{

Win_text._attr = atir,

/.‘.l."‘l.‘.lll'l'l’..."""l"llll'l.l'.l.l"'l“l.“‘.ll""l.lllll“.l'

/
/* wseteurivos e
/* ANDI1091 LCD dusplay routine for use with (Ae Muilimonstor: ’ ¢/

/..C‘.O'O‘U‘l"l.l‘l....'l“‘lDl.l’l.ll-".l00.’0ll‘l..l..'ll.‘l‘..."l‘ll./

#ioelnde < dispiay bh.-
wsetcurspos(r, <)

int rc
(

Wi _curs_row =,

Wia_curs_col = ¢

displib.c

...wserollup

*/

wsetatirpos

*/

wsetaltr

wselcurspos
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...wsetcurspos
/’""llt't.l!"l”"”"‘t‘tl“"‘t‘t‘il"."I.."“‘O"'3."“‘..‘....“‘/
/" wsetteztpos.c */
/* AND109s LCD display routine for use with the Muitimonitor: '/
/'l'l‘”l““‘.l-.".‘.tl“.!!""l..'l‘.‘l""‘.“‘."““..l‘.‘.l.l“.“.‘/
#inelude <aisplay.h>
wsettextpos(r, ¢) wsetteztpos
int T, <
{
Win_tex_tow = r;
Wip_text_col = ¢;
/l"t‘.lll-'l"’.‘.‘.l.!l."‘.'l..“l“"“..‘.‘l"l'l.O"...‘."..l.‘lllll/
;* wupdste.c: ¢/
/* AND1091 LCD dispiay routine for use with the Multimonitor: ./
.'IOO..‘ll"“."l"l‘l.‘.'li“."...l...‘l.’l‘l"lﬂ..l‘."...ﬂ".'l"l’l'lo‘/f
#inelude <display.h>
wupdate() wupdate
{
win_to_axt();
dupdate{);
}
//ill‘.‘ll...‘l.i“ﬂ.i.‘.l..l.ll‘..."‘."...“"l"‘."-..l‘l‘.‘.“‘ll““‘/
/* wupdinc: ./
S* ANDL1091 LCD dispisy routise for use wilh the Multimonstor: ‘/
i:"'l“‘.ll.“’ll0..l‘0..'.“l"."li'llll’."l.i‘l‘.'.iOll“‘l“."l““l'./
#include <display h>
wupdia(i) ’ wupdin
int i
{
ing 5

it (i < Win row_org || i >= Win_row_len + Win_row_org)
return,

wla_to_nla(i);
j = Win_row_dorg + i - Win_row_org;

dupdla(j);
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RQD

case bottom

case top

battery cap receiver
battery cap

battery contact assy.
wriststrap assvy.
electronics assy.

#2-56 x 0.7 RHP SS

#2-56 x 1.0 RHP SS

leather strap (2.6x5 in.)
wiring harness

elastic strap

electrocdes, .6 in. dia. SS
electrodes, .6 x .25 in. SS
#4 flat washers

#2 lock washers

#2 nuts
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front panel

rear panel

frame

battery cover

battery holder
battery cap
pushbuttom switch ,
switch contact board
pushbuttom cover plate
pushbuttom spacer
rocker switch

prox trans. assy.
ra-io assy.

antenna

antenna connector

CPU board

LCD display

LCD backlight
backlight power supply
Lexan display window
#2-56 x .5 FH socket
#2-56 x .25 FH socket
#2-56 x .5 RH

#2-56 x .25 RH

#2-56 nuts

#2 flat washers

#2 lock washers
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SIZE NUMBER NUMBER

A PMC -RAD-ADJ 1 ™MC RADIO ADJUSTMENT "RCCEDUK

A PMC-5Y5-TST 1-2 oMC SYSTEM BENCH ANC ‘\CTIO\nI TEST

B PMC~-CPU~PWM 1 PMC MAIN BCARD COMPONTNT LAYCUT

B PMC-RAD-PWM 1-2 PMC RADIO LINK PRINTED WIRING MASTER

B 1

HHM-RAD-PWM HHM RADIO LINK PRINTED WIRING MASTER



Magnavox Radio Adjustment Procedure
Models 801 and 802

Equipment

RF generator with 72.168 MHZ ocutput and 39" stick antenna.
100 MHZ bandwidth oscilloscope.

‘Nonconductive screwdriver.

RF field strength meter or spectrum analyzer with antenna.

Connect RF generator to antenna and set for 72.168 MHZ,
™ modulation with 1XHZ tone, 4KEZ deviation, and 0.5 Vrms
into the stick antenna

f

Connect oscilloscope to the RECEIVE AUDIO pin (P1l-6)of the
radio mecdule.

[0}

3. Adjust L3 fc. best symmetry of the 1KHI sinc wave,

EN

Connect oscilloscope to pin 1 of Ul on the radic module.

5. Reduce RF generator to 3CmV rms .ato the antenna.

(o2

Adjust C5 for maximum amplitude at Ul pin 1.

.

Disconnect oscilloscope frcm the radio module.

8. With the radio powered from batteries (6V) and with
NO GRCOUND attached, cennect the KEY line (P1-3) to
the negative (-) terminal of the battery supply.

FCR MCDEL 801

9. Monitor the radio transmitter output with the spectrum
analyzer or field strength meter. aAdjust C8 for maximum
transmitter outnhut power

FOR MODEL 802

10. same a 9 above except adjust C29 and the series antenna

capacitor.
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10. INTERFACE TEST SUMMARY

10.1 Scope. This appendix establishes the test procedure used to test the inter-
face between the PMC units and the HHM units.

10.2 Bench Test.

10.2.1 Overview of Ber.cn 1'est. The serial communicaticu signal lines of a PMC
and a HHM were connected directly together. This connection served to bypass
the radio transceivers. Temporary pushbutton switches were attached to the
PMC proximity interrupt and the HHM activate. Three tests were then per-
formed on the hard wired units.

10.2.2 General Results of Bench Test.

10.2.2.1 Supply Current Test. A DC millampmeter was connected in series with
the PMC power supply. The power supply was turned or and the supply curreat
was measured and recorded. The PMC current value was approximately 21 m*.
After waiting for one minute, the supply current was again measured aad
recorded. At this time the PMC CSCI entered the "STOP" state and the P».C
current reading was approximately 0.6 mA.

10.2.2.2 PMC Actiwvation Test. Actual PMC activation was simulated by pre:sing
the HHM activate pushuvutton and the PMC proximity icterrupt pushbuttc in
quick succession. An oscilloscope monitoring the HHM proximity signal output
line displayed a burst of 125 KHz square waves when the HIDM was activated.
The HHM display read
PMC # Activated

where # was the idertification aumber of the PMC. Monitoring the PMC radio
power line with an oscilloscope showed the iine became active when the PMC was
ac*ivated.
10.2.2.3 Status Test. The HHM would query the activated PMC every 15 seconds.
Initially the HHM would receive the message

OfF Wrist
The oscilloscope monitoring the radio key line veritied proper operation of the line
for both the HHM and PMC. The PMC wrist strap was then applied to the wrist
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of a subject. The subject remained still while the HHM display #as monitored.
The subject’s heart rate was obtained from the subject’s pulse. This heart rate
was compared to the results displayed by the HHM. The last step was for the
subject to intentionally move during data collection. During this time the HHM
display reported motion.

10.3 Functional Test.

10.3.1 Overview of Funetional Test. This test checked the performance and the
accuracy of the various PMCs and HHEMs. The units were tested by strapping a
PMC on a subject and recording the subject’s heart rate or motion reading which
was displayed by the HHM everv 15 seconds. The HHM heart rate was compared
with the subject’s actual heart rate which was obtainad by feeling the subject’s
pulse. Each PMC was tested continuously for a period of 90 minutes. The test-
ing occurred while the subject was resting, walking, resting after walking, run-
ning, and resting after running. All delivered PMCs and HHMs were tested.

10.3.2 General Results of Functional Test. The PMCs and HHMs generally per-
formed as expected. Accurate heart rates were obtained when the subject was
resting and when the subject was resting after walking. Some heart rates
tran=mitted uring light waiking were accurate. Most mot.cn caused the HHM to
d’'spiay a motion reading rather than a heart rate value. Running produced the
Heavy Motion ’

message to appear. Followiug exercise, the PMC occasionally transmitted heart
rates less than 60 bpm where heart rates in the range of 120 bpm were expected.
Suck readings probably resuited by the impedance signals due to the heavy
breathing mixing with the impedance signals due to the heart pumping blood.
The HHM had no prnblem in obtaining information from the PMC.
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B PMC—-ICN-SCH 1 PMC INTERCONNECTION DIAGRAM

<] PMC-CPU-SCH 1-2 PMC MAIN BOARD SCHEMATIC DIAGRAM

B PMC-CPU~-PWM 1-8 PMC PRINTED WIRING MASTER

A PMC-CPU-PL 1-2 PMC MAIN BCARI PARTS LIST

B PMC-PXR-SCH 1 PMC PROXIMITY RECIEVER SCHEMATIC DIAGRAM
B PMC-PXR~PWM 1-6 PMC PROX. RECIEVER PRINTED WIRING MASTER
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B HHM-ICN-SCH 1 HHM INTERCONNECTION DIAGRAM

B HHM-CPU-SCH 1 HHM MAIN BOARD SCHEMATIC DIAGRAM

B HHM~-CPU-PWM 1-6 HHM PRINTED WIRING MASTER

A HHM~-_PU-PL 1 dHM MAIN BOARD SCHEMATIC PARTS LIST

B HHM~RAD—-SCH 1-3 HHM RADIO LINK SCHEMATIC DIAGRAM

B HHM-RAD-PWM 1-2 HHM RADIQ LINK PRINTED WIRING MASTER

A HHM-RAD-PL 1 HHM RADIO LINK PARTS LIST

B HHM-ANT-SCH 1 HHM RADIO ANTENNA SCHEMATIC DIAGHAM
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PROGRAMMING SOFTWARE
for the

MULTIMONITOR




t /* Multiple Casualty Monitor

* Ver. 1
]

.0

| * (c) 1989 Purdue University

' Vs

; #inelude
' #include
! #inelude
¢ #inelude

<stdioh>
<hllreg.L>
<bmec.h>
<terminal.h>

L /* display handler declarations */
#inelude "dispdec.h’”

#define LF 10
#define CR 13

| #define PROXVAL 200
, #define PROXMIN 5
#define MAXID 5
#define MAXRETRIES 3
#define EVALTIME 15

/* Received packet statuses */
#define GOODPAX 1
#define BADCHK 2
#define RADPAK 3
, #define TIMEOUT -1

o tamgr o ow et

#define ACTIVE 1
#define INACTIVE 0

#define SHOW 1
#define NOSHOW 0

#define MOTIONLT 1
#define MOTIONMOD 2
’ #define MOTICNHVY 3

/* maziriam number of refries */
/* time for PMC to complete an evaluation

/* structure used to set up semal interface */

*/

{ struct i~ctl ttyb;

' char clks0; /* 50 HZ counter for real time clock */

i int deount; /* 50 HZ doun counier for general purpose

I ¢ timing */

f int stcount; /* S0 HZ down courler for status liming */
int wcouat; /* 50 HZ down co r for sleep rouline */
iat etme, /* 1 HZ evaluatior. «ime counter */
char tpakbuf[200i, /* buffer to construct packets for

* transmisston ¢/
ehar rpakbuf(5d; * duffer to store received peckets */
ehar ‘pakptr; /* pointer to receive packet buffer */
int rstate; /" itale of receive peackel finsle salate

¢ mackine */
int chksum; ¢ check sum calculated on received packets */
int rehksum; /* check sum included in recesved packels */
cehar line{80{; /* buffer for display messages */

{

i Dec 18 10:29 1989
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/* soldier status values returned from a PMC */

int evaum,; /* evaluation number */

int offw; /* PMC off wrist fiag */

int hrate; /* heart rate */

int bate; /* battery voltage */

int mocount; /' motion counter °/

int id; /* PMC ID ¢/

int adflag; ;° enable A/D conversion flag */

int adva:: 7* value from A, D convermon */

int retries; /' number of reties for communicatson '/

int firse; /* flag to mark first evaluation cycie for a
* PMC */

char ’3:

char clksec;

char ctkmin;

char clkkhr;

/* GG vars */

#define MAXCAS 20

#define WIN SIZE 10

#define HR _HI S0

#define HR_LOW 50

#define HR_MIN 30

f#define STIMEOUT 12

#define DTIMEOUT 13

char addval; /* ADD pushbutton current scalue ‘Y

char deival; /* DEL pushbutton current vaive * '

char upvai; /* UP  pushbutton current vaiue ‘/

char daval; /* DWN  pushbuttun current value °/

char hipval; /" HLP  pusAbutlon current vaiue */

char addlast; /* ADD  pushbutton iast value */

char deilast, ;' DEL pushbutton last value ‘s

ehar uplast; /* UP pusAbutton last value */

char dalast; * DWN  pushbutlon last vaiue */

char hipiast, /st HLP  pushdutton last valve */

char addstate; /* ADD pushbutton stats */

char Geistate: /* DEL pushbdutton state */

chrre upstate, /' UP  pushbutton state */

char dostate, /' DWN  pushbuiton state */

char Slpstate, /' HLP  pushbutlon state */

ehar addllag, /* ADD  pushbutton flag */

char dellla~, /* DEL pushbution flag */

ehar upflag, /* UP pushbutlon flag */

char dnflag, /* DWN  pushbutton flag */

char bipflag; /* HLP  pushdutton flag ¢/

int evalflag; /* evaluate flag */

int ncas; /* current aumbder of casuallies ‘/

int curcas, /* currint poiled cesvaity */

iat caaptr, /* casvaily perated ta by curior */

Dec 18 10:29 1999 Page 2 of mm.¢



int nexteasid; /?® next usable casid number */
struet cas {
int casid;
int pmcid;
int evnum, offw, hrate, batt, mocount;
int inhib;
struet {
unsigned hrhi:l, hriow:1, loewpulse:1l, offwrist:l, battlow:1, motion:?;
unsigned paxerr:l, timeout:l;
} stat;
} casualty; MAXCAS';
char *motion_str{] = {
“NO "
"YES",
"YES”,
"YES®
B
char . tat_strf] = {

— -

"HRT RATE HIGH",
"HRT RATE LOW",
"LOW PULSE",
"OFF WRIST",
"BATTERY LOW",
"COM ERROR”,
“COM LOST"

1B ’
char sull_br_str] = "M,

/* routing declarations */

veid int_setup();
__mod2__ veid OCIHINT();
TTmod2”_ veid  INTINT(),

r('mn() main

/! turn rf tremamaiter off */
key{0);

/* i=ticlize keyboard */
H1IPACTL = ™mx80 | HI1PACTL,
HIIPORTA = vaD0 | H11PORTA,;
kbcir -

/* intialize varebles */
casptr = O

ncas == 0,

pextcamd = |,

avaiflag = O,

curcas = {,;

/' set wp interwpts -,
int_setup();

/° aet wp semel pert */

tty _setupli:

/" imbralaze LCD display */
disp ia...);

deurs M

deurse 13,

wmake(4, WIN_SIIE);

Dec 18 10:29 1959 Page $ of mm.c




stat_cle();
)
)
sieep(1)
int 1
{
scount = | * 30;
while (soouat),
)
prox()
{
HIIFORTA |= O0x20;
deount = 5,
while {dcount),
HITPORTA &= 0xdf,
}
dopasi)
{
iot e
cehar ‘s,
for {j = 0, rpakbuf’y; '= " jea),

/* Power up message */
help_screen();
pme_screen};
pmc_show(};
/* turn on A/D converter */
adon();
/* main processing loop */
while {1} {

/"

if {addfag; {

adacasi ),
pme_show();
addflag = 0;

} else if (deiflag) {
delcas{);
pme_show(};
deiflag = 0,

} else if (hipflag) {
hipflag = ©O;

help _screen();
pmc_screeni);
pme_show(};
} elee if (arrows())
pme_showi};
check _casiSHOW);

process any builon pushes °

if (adval >= 68 && stcouat == 0} {
spriat!{line, "Low Multimonitor Battery™);

dstatusiiinel;

WP (strocmp{&rpakbuf,) + 1,
return (0},

jomy 4+ 4

s = &rpakbul'yj,

sea0f(s,

cuuslty{curcul evBium = evaum,

cuurltytcurcua offw m offw,

cuuuty'curcu« hrate = hrate

ruulty curcasi mocouvut = mocount,

cuaalty}curcw batt = batt,

cuuﬂtyl’ruruq stat.hrhy = O,

cuualtylr:rcu( stut hriovw = O

Dec 13 10:29 1249

PSS,

“%d %od Bd %d %hd Td"

/

recreve @ PMC Soldier Status

3) '=0)

’

&evuum, &offw, Rhrate, Rmocount, &batt),

..main

sleep

proz

dopss
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...dopss

caualty[curcu] stat.lowpulse = 0;
cuualty!curcuﬁ stat.offwrist =
casualty curcasi.stat.battlow =
casualty{curcas|.stat.motion =
if (offw > 190) {
czsua.’ty{curcasj.stat.offwrist = 1;
casualtyicurcasj.hrate = O0;
casuaityicurcas|.mocount = 0,
} else {
if {mocount >== 1 && mocount < 10) {
casuaityicurcas|.stat.motion == 2;
} else it (mocount >= 10 && mocount < 25) {
casualtycurcasi.stat.motion = 3;
} else if (mocount >= 25) {
casuaityicurcas|.stat.motion = 4;

0;
0;

L

if {{hrate == 0} || (brate == -4)) {
casualtylcurcas].stat.lowpuise = 1;

} else :f ((brate > 0) && (hrate <= HR_LOW)) {
casualtycurcasj.stat.hrlow = 1;
alarm(2 )

} else if (hrate >-- HR_HI) {
casualtyicurcas).stat.hrbi = 1;
alarm(3};

}

if (batt >= 68) {
casualty’circasi.stat.battlow = 1;

)

return (1}

}
c{iowal_)

int i

ehar ’s;

iat iid,

for (} = 0 rpakbuf’}l '= ") j4+=);

if (strocmp{&rpakbufy + 1!, "PPA", 3) t= 0)
retura (0},

) _ doppa
/* do Postive Packet Acknowliedg: */

e

while {isdigit{rpakduf’y - 1}))
J——

s = &rpak ufly’,

sscanf(e, "0d", &lid);

return (lld);

}

docss(.d)
int id,

{ /* send out Central Soldier Status query */
ehar
p = &tpakbuf'ol
sprigtf{p, ""ATd CSS 17, 1d),
sendpak{p};

docss

)

sendpak(pk)
cshar
{

sendpak

pk;

int R

char ‘e

p = pk;

for (1 = 0, 'p; p++)
1 o+ 'p,

Dee 18 10:29 1959 Page 5 of mm.e



o= 0

key(1);

deount = 10;

; whiiefdcount),

watd(};

p = pki

pxpute{ "\r'j;

pkpute! X"

while {‘pi {
pxpute! ‘7,
P,

LI
’

}
pxputciCR',
peputciCR},

...sendpak

key 0,

|

pkputeic
ehar
{

pkputc

putcsarfel,

}

getpacket(timeout, pciype, id}

getpacket

int Lumeout,
char KLV,
iat g,
{
int doze e, g, nd.
char '3,
rstate = O
chxsum = 0,
sakptr = ®rpaabif 0,
deount = timecyt * 0.
dOﬂ P .
while {1} {
while . ~m 4. ' - O}
il cnea se

Dec 18 10:29 1999

returen TIMEQUT,

e o= gewhar & il

/* dputecej ’,

/* detrituzlon, */

switeh (rstate) |

esse 0

e == "7 |

‘nakptres = o
chxsum 4= ¢,

ritate = 1,
}
break.
csoe |
e == )
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...getpacket
break;
if (e == A7) {
"pakpr++ = ¢
chksum += ¢;
rstate = 2;
} else
pkabort(};
break:
case I
il (¢ == L¥ || : == CR} {
‘Takptr = O
s = pakpi
==,
s—~;
sscanf(s, "%x”, &rchksum);
chksum —-= fs--;
chxsum -= ;
chksum = chksum & Ox{f;
5—— = (;
s = 0,
if {chksum !'= rchksum)
prabory();
else {
for (j = v, rpakbuffj} '= “:*; j++);
if {sgacmp{&rpakbufij + 1j, pkiype, 3) == 0) {
while (isdigit{rpakbufjj - 11))
s = &rpakbullil
sscanfls, "%2d”, &hd);
it (lid == id) [| (id == 0))
return {GOODPAK);
}
/* mot our packet, toss it awey */
piabort(};
} eloe {
‘pakpre+ = ¢
chizum <= ¢
}
break:
if {pakpir == frpakbuf'49i)
pkaborif),
)
)
pkabort() prabort
{
pakptr = Rrpakbufl 0,
chicsutn = 0,
rstate = 0,
}
_mod?  veid
INTINT(] INTINT
{
)
key(1) key
111} 1
I (1 === 0)
HIIPORTA |= oOx0M,
eloe
Dee 13 10:29 1989 Page 7 of mm.c




’ . HI1iPORTA &= OxFT7,

-

modl void .
OCIUNT OC1INT
{

HIITFLG! = 0x80;

HIITOC! -= 0x%c40:
HI1COPR=T = 0x33
H1iCOPNsT = 0Oxaa
* check und dedounce keys keys are agctize Jow) *
it (H11P ,RTA & Ox04; == 0y
hipval = ACTIVE
else

hipval = INACTIVE;
it ocein & 0x01 |
it (HIIPORTA & 0x01) == ¢})
daval = ACTIVE,
eise
daval = INACTIVE;
it {H1IPORTA & 0x02}) == 0})
upval = ACTIVE,
else
upval = INACTIVE;
set up for next read */

HI1PORTA = 0x40 ; {H11PORTA & O0x3F};

} else |

it [ HIIPORTA Z 0Ox0l) == 0})
deivai = ACTIVE,

else
deival = INACTIVE:

it ('H1IPORTA & 0x02) === 0i)
addval = ACTIVE,

elsa

adivai = [NACTIVE.
/* set up for nest read */
H11PORTA := 0x80 | {HIIPORTA & Ox3F),
}
if hlpvai + dava: « upval + deival = addval > 1) |
hipval = [INACTHVE,
davai = INACTTVE,
apvaj = [NACTIVE,
deival == INACTIVE,
agdval = IMACTIVE,
j
cokeyt£hipval, &hlpiast, Rhipstate &biplag),
dokeyl&Jdnval, &dalast, &dastate, 2dufiag;,
doxey{ &upval, Rupl Zupstate, Zupliag),
dokey! &mival, Rdeilnst, &lelstate Rdaiflag,
foxeyl £addval, &adilast  Faadstate Faddilag),
it agflag 24 k30 - - 0y |
HITADCTL = nx10,
while (HHIIADCTL & 0xR0 === 0),
adval = HI1ADKI1

if 'dcount)
deount—~ -,
if (rtrount)
stcougt~~,
If {swount)
WOUBL- -
ka0 ., .
it (kS0 = 50}
cluser o4

Dee 19 10:29 1949 Paye S of mm.c
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..OCI1INT
clk50 = 0
etime++;
}
it (clksec >= 60) {
cikmin++;
clksec = 0;

}
if (clkmin >= 80) {

-

clichr++;
ctkimnin = 0
}
}
dokey(val, last, state, flag) dokey
char *val, "ast, ‘state, *lag;
if ('state == INACTIVE] {
if {~val == ACTIVE && "ast == ACTIVE] {
*state = ACTIVE;
¥lag = ACTIVE;
}
} else {
if {*val === NACTIVE && fast == INACTIVE && “lag == INACTIVE) {
*state = INACTIVE;
Mast = *val;
)
mod? void
COPINT()™ COPINT
{
dstatusO("COP RESET'™);
void .
int_setup() int_setup
{
__mod2__ veid  OCIINT();
__mod2__ veid  INTINT();
__mod2__ veid COPINTI();
veid VECTOR(),
dcount = 0,
scount = O0;
stcount = O0;
etime = 0,
VECTOR(OCI1INT, 9);
VECTOR(INTINT, 14);
VECTOR(COPINT, 17},
VECTOR(COPINT, 18),
HIITOCl = 0;
Hi1TMSK1 |= 0x30;
)
tty _setup() tty_se tup
{

ckksum == 0;

rchksum = 0;

rstate = 0;

open(};

H11BAUD = 0x35;

iocti{ttyb, GETPARAMS);
ttyb—>io_erase = CTRL({'H");
ttyb—>io_kill = CTRL{'U’}),
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ttyb—->io_flags = RAW;
ioctl(ttyb, SETPARAMS);

/.

el
/

/l

mm.c

.tty_setup

com_rdy

adon

power up a/d ‘/
power up wnstz circuit */

adoff

power down a/d */
power up wristz circuit */

I”U.‘.llll’ll‘ll!‘lll.l.l‘.l"l'l’l.l‘ll!ll!.‘ll‘.ll’.l.l.lllll.““!l.l.ll/

com_rdy()
if (H11SCSR & 0x20)
return (1)
else
return (O}
}
adon()
H110PTION [= 0x80;
H11PORT. [= 0xl0;
adflag = 1;
}
adoff()
H110PTION &= OxTF,
HI1PORTA &= OxIF;
adflag = 0,
}
s
/* GG routines
P n//

*/

’llll.'llllll‘.‘i!l.lllllll‘llll.lli.’ll.'llllll!llil‘lllll‘ll0‘."".""‘!0/
/

help _screen()

ncls();
nsetattr{DISP _NORM),

help_screen

nmessage!" 0, °  Multipie Casualty Moaiter "

nmessage(l, O,

amessage(2, 0, "INSTRUCTIONS:

amessage(3, 0,
nsetattr(DISP _REV);

amessige'3, 0, "To Add Casualty To List.");

nsetattr(DISP_ NORM);

nmessage(4, 0, "* Pur MM near PMC, Press <ADD>"),

amessage(s,

nmessage(7,
nsetattr{ VISP _REV),

0, "' Wat for \"PMC ACTIVATED\” )R
nmessagei8, 0, "* Label body with sumber shown™),
0,

",

nmessaze(7, 0, “To Delete Casualty from List.™),

nsetaitrt DISP__ NORM),

nmessage(8, 0, “* Use arrow keys to seiect Y,

amessage(9, 0, * casualty o be deleted
"* Press <DELETE>,

nmessage{10, 0

)

the message 7);

nmessage{ll, 0, ° \"CONFIRM DELETION\" appears "}
nmessage(12, 0, "* Press <DELETE> agamn .
nmessage(13, 0, ~ )

asetattr(DISP_REVY);

nmessage(13, 0, "To See This Screen:”);

usetattr(DISP_NORM),

nmessage(l4, 0, "' Press <HELP>

nsetattr{DISP _RBLINK);

nmessage(15, 0, "Press any key to emt HELP R

nsetattr(DISP_NORM),
dapdate();
while ('keyhit{})

Dee 18 10:29 1989
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check _cas(NOSHOW);
sleep(1);
if (addflag) {
kbelr{);
addflag = TRUE;
} else
kbelr();
stcount = STIMEQUT * 50;
}
pmc_screen)
{
nsetattr(DISP _REV);
nmessage(0, 0, " Multiple Casualty Morgitor 7);
nsetattr(DISP _NORM);
nmessage(1, 0, "CAUS HEART MOT. STATUS "%
wmessage(2, 0, " NO. RATE Y
nmessage(3, 0, ” %
nmessage(14, 0, ” ");
nsetattr(DISP_REV);
nmessage(15, 0, "Press <HELP> for instructions );
nsetattr(DIS? _NORM);
wsetattr(DISP_NORM);
wels();
)
pme_show(}
L .
int 1
int n;
int status;
char br_str{5);
char ‘hr _sptr;

/* olier window if neccessary */
if (n = offwin{casptr)) {
if (n > 0)
wscrollup(n);
else
wscrolldowsn(~n):

}
/* display canalties */
domore(};
for (i = 0; i < ncas; i++) {
wsettextpos(i, 0};
if (status = maxstat(i)} {
if (i == casptr)
wsetattr(DISP_RBLINK);
else
wsetattr{DISP_BLINK);
} else {
if (i == casptr)
wsetattr(DISP_REV),
else

) wietattr(DISP _NORM);
i? (casualty[i|.brate > HR_MINM) {

sprintf(hr_str, '%Sd",.cuu:lty[i] hrate);
hr_sptr = hr_str,

} elsa
be_sptr = null_hr_str;

spriotf(line, * 7203d %3s %3s % —141", casualty[i].casid,

br_sptr, motion_stricasualty(i] stat.motica],
stat_str{status]);

Dec 18 10:29 1989
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...pmc_show

wputs(line);
}
wupdate();
pmc_showl(i) pmc_showl
int i
{
int status;
char hr_str's);
char ‘hr_sptr;
/* oiter window if neccessary */
* if(n = offwinfcasptrj){ if(n > 0} wscrollup(n); eise wserolldown(—n);
L]
/* update caualty window */
wsettextpos(i, 0);
if (status = maxstat(i)) {
it (i == casptr)
wsetattr(DISP_RBLINK);
else
wsetattr(DISP_BLINK];
} else {
if (i == casptr)
wsetattr(DISP_REV),
clse
wsetattr(DISP_ NORM);
}
if (casualtylij.hrate > 30) {
sprintf(hr_str, "933d", casualtyii]. hrate);
hr_sptr = hr_str;
} else {
hr_sptr = nauil_hr_str;
}
sprintf(line, = 7503d 53s %3s  T5~14s", casualtyfi].casid,
br_sptr, motion_stricasualtyi].stat.motion],
stat_stristatus|);
wputs(line);
wupdln(i);
}
dstatus(s) dstatus
char ‘s,
{ )? display stalus message (full line) */
asetattr DISP_REY),
nsettextpos(15, 0};
nputs(” "),
nsettextpos(1S, 0);
oputs{s],
dupdln(15);
stcount = STIMEOUT * 50,
}
dstatusO(s) dstatusO
ehar ’s;
{ /* display primary slalus message (Aalf line) °/

asetattr(DISP _REV);
asettextpos(15, 0);
aputs(”
nsettextpos(13, 0);
pputs(s);

dupdin(15);

stcount = STIMEOUT * s0;
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...dstatus0
}
dstatusl(s) dstatusl
char *s;
{ /* display secondary status message (half
* line) */
psetattr{DISP_REV);
psettextpos{15, 15);
nputs(” )
nsettextpos(15, 15};
nputs(s);
dupdla(15);
stcount = STIMEOUT * 50;
}
stat_clr() : : stat_clr
{
if (stcount == 0) {
psetattr(DISP_REV};
nsettexipos(15, 0);
nputs(” - )i
dupdln(15};
}
} .
offwin{pos} ofj'wz'n
int pos;
{ /* reiurn acroll to gel window pos on screen */
int i;
i = wgetorg();
it (pos < i)
return (pos - i); /* sel dn neg */
if (pos > WIN_SIZE + i - 1)
return (pos — (WIN_SIZE + i - 1)};
return (0);
) .
inwia{pos) ' nwin
int pos;
{ /* return display row of window pos (~1 f
* not wis) */
int i;
i = wgetorg();
if {pos < i)
returm {-1};
it (pos > WIN SIZE + i — 1)
retura {-1);
return (Win_row_dorg + pos — i);
}
domore() domore
{
int i
i = wgetorg();
asetattr{DISP_NORM]);
(>0 ¢
smessage(3, 0, " mwm—m————— ‘Mot — e e %

pputattr(3, 12, DISP_REV);

sputattr(3, 13, DISP_REV);

sputattr(3, 14, DISP_REV)

pputattr(3, 15, DISP_REV);
} elee
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nmessage(3, 0, " mm e )
it (ncas > i + WIN_SIZE) {

amessage(14, 0, "v————————— v~More—v¥——m—m e~ v');

nputattr(14, 12, DISP_REV),

nputattr{14, 13, DISP_REV};

nputattr(14, 14, DISP_REV)

aputattr(14, 15, DISP REV}
} else

nmessage(l4, 0, "mmm e e "1

)

’

}

/* key board routines */

keyhit()

if (blpflag || doflag || upflag || delflag || addflag)
return (1);

else
return (0);

)
kbelr()

addlast = INACTIVE,
dellast = INACTIVE,
uplast = [NACTIVE,
dnlast = INACTIVE,
hlpiast = INACTIVE;
addflag = INACTIVE,
delfiag = INACTIVE;
upflag = INACTIVE,
dnfiag = INACTIVE;
kipflag = INACTIVE;
addstate = [INACTIVE;
deistate = [NACTIVE,

upstate = INACTIVE

dnstate = INACTIVE,

blpstate = INACTIVE;
arrows()

{
if (upflag || defag) {
if (upflag) ¢
apflag = 0
if {casptr > 0)
casptr—--,
} elese if (daflag) {
doflag = 0;
if {casptr < ncas - 1)
casptr++,

return (1},
)

return (0};

addcas()

{
iat status,;
int o,

dstatus{"Attempting PMC Acluvation”);
if (ncas >= MAXCAS) {
dstatus{"Limit Exceeded — PMC Not Added”);
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...addecas

sleep(1);
return;

}/‘ attempt PMC activation */
retries = 0;
do {
/* pulse prozimily transmstier */
prox();
/* check for PMC response */
status = getpacket(2, "PPA", 0);
#ifdef BENCH
dstatus(rpakbuf);
#endifl
if (status == GOODPAK)
id = doppa();
retries+-;
/* repeat activation attempt until sucessful or too */
/* many reiries * .
} while ((status != GOODPAK || id == 0} && retries < MAXRETRIES);
if (retries >= MAXRETRIES)
id = 0;
addflag = 0;
/* if id == 0 then activation was unsucessful */
if (id ==
dstatus("ERROR—~—Repeat Activate Steps”);
sleep(1);
dstatus{"Put MM Near PMC, Press <ADD>");
} else if ((n = inlist{id)) '= -1} {
/* previously activated PMC */
if (casualty(n].stat.timeout == 1) {
dstatus{"Casualty Reactivated™);
casualty{n].stat.timeout = 0,
sleep(1);
} else {
dstatus("Casualty Already Active’);
sleep(1);

} eloe {
casualty({ncas|. pmcid = id;
casualty'ncas|.casid = pextcasid;
casualiyincasi.evnum = 0;
casuaity{ncasi.offw = g;
casualty|ncasi.hrate = O0;
casualty(ncasi.batt = 0;
casualtyincasi.mocount
casualtyincas{.inbib =
casualtyincasi.stat.hrhi 0;
casualtyincas|.stat.hriow = 0;
casualtyincasi stat lowpulse = 0
casualty!ncas| stat.offwrist = 0:
cuualtyz:ncu‘sut.b;tt)ow = 0,
casualtyincasi stat. motion = O0;
casualtyincas|.stat pakerr = 0,
casualty(ncas| stat.timeout = 0;
caspty = ncas++;
spriatf(line, "PMC %td ACTIVATED", id);
dstatus({line);
sleep(1);
sprintf(line, "MARK CASUALTY WITH #%03d", nextcasid++);
dstatus(line);

0,

=l

Celcas) delcas
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) ...delcas
it (ncas > 0) {
/* confirm delete */
dstatus{"Hit <DELETE> % Confirm™);
deiflag = 0,
deount = DTIMEOUT * 50;
while {'keyhit() && dcoun®);
if (deillag) {
removecasi},
dstatus{™"),
} else
dstatus/"Casuaity Noi Deleted™),
} else
dstatus{"No Casualties to Deiete”);
)
remoevecas(! removecas
{
int 1,
ncas——;
fer (i = casptr, i < acas; i++) {
j =11
castalty s casid = casualtyij] camd;
casualty i‘:.pmc:d = casualty}! pmad;
casualty 1’ .evaum = casualty:).evoum:
casualty . offw = casualtyi)l offw,
cuualtyflé Srate = casualtyyj hrate;
cuuuty:xé.ba:t = casualty’ji.batg;

) casualty’i.mocount = casualty!jj mocount;
casualty i. stat -1 = casualty’jjstat.hrij;

. casualty 1 stat. w = casuaity'j} stat.hriow;
casualtyil static :se = casualtyi)] stat.lowpulse;
cuualty)xi.sutof{a o= c:.sudty;”sut.o{fwnst;
casuaity ') stat.batt. = casvalty; stat.battlow;
casualty i stat. moti . == casualty(}] stat.motion;
casuaity’si stat.pakerr = casuaity|stat.paker;
casualtyl stat.timeout = casuaityj)] stat.tumeout;

)
wsetattr(DISP_NORM),
wein(ucas),
if (casptr > ncas ~ 1)
casptr == acas - |;
)
check _cas({showmode) check_cas
iat showmode;
{
int cursrow,
if (etime >= EVALTIME) {
evaifiag = 1,
etime = 0,
)
if (evaiflag) ¢
if (curcas < ncas) |
if (casualty'curcasi iohib)
casuaity{curcasiiob:id = 0,
else
' getstatus(casualty/curcas| pmeid),
' if (showmode && ((cursrow = iowin(curcas)} '= 1)} {
1 ( /* do cwrior, get and show statws */
] dsetcurspos{curstow, 0);
: deursor{1),

pme_showl{curcas),
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getstatus(id)

{

!

int id;
int status;

retries = 0;
casuaity{curcu].stat.pakm = 0
casuaity{curcas|.stat.timeout = 0;
do {

docss(id);

status = getpacket{2, "PSS", id);

retries+-;

} while (status '= GOODPAK && retries < MAXRETRIES);

it (rewies < MAXRETRIES)
dopss(};

clse | ‘
casualtyicurcas).stat.timeout =

}

inliet{id)

{

}

int id;
int 1

for (i = 0, i < ncas, i++) {
if (casualtyfi].pmead == id)
retura (i);

)

return (-1);

alarm(abeeps)

}

iat ubeepr;

while (nbeeps—-) {
deount = 20,

H11PORTA = HIIPORTA & Oxef;

watd();

H11PORTA = HIIPORTA | Oxlu;

if (obeeps) {
dconnt = 20,
waitd(},

maxstat(i)

fat i

it (casuaity(il.stat.timeout ==:m |)
returs (7);

It (casuslty{i] stat pakerr == |)
return (6);

I (casualtyis] stat of fwrist mex 1)

Dee 12 10:29 1989

/* return casid if pmeid is in casuaity list */
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..check_cas

getstatus

inlist

alarm

mazstat
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return (4);

if (casualtyii].stat.hrlow == 1)
returso (2);

if (casualtylil.stat.hrhi == 1)
return (1}

if (casualtyliistatlowpulse == 1)
retura (3);

if {casualty’i] stat.battlow == 1)
returan {5,

return (0);

}
waitd(}
while dcount)
if {arrows())
pme_show();
}
checkd()
{
it (deount} {
if (arrows()
pmc_show()_
return (1};
retura (0};
)
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/88.ttttl‘l!ftlt.ttlttttcttttttlt!ttltttt!t‘tll‘ltttlattt‘t’iitttt!t!tttl’!/

/* dein.c:

/* AND1091 LCD display routine for use

with the Multimonilor:

*/

/‘)t‘ltt’l‘lltt".ltCl"tllitlt?I“ttt!Otllll‘tll‘.“‘ll‘“t‘l'l't"’llt‘“/

#inelude <display.h>
deln(line)

iot line;
{

int i

dsettextpos(line, 0);

for (i = 0; i < DISP_COLS;
dpute(” )

dsettextpos(0, 0j;

i++)

/““l’ll‘..ll"‘.""".l‘llllll'l‘..l‘Oltltﬂl‘l.l“t‘."..t.'.l“ll..’.l'/

/* dels.c:

/® AND1091 LCD displcy routine for use with the Multimonitor:

/

/“"ll!“.”‘ltlli"l!".lll’l.lll..l!l.l“lill‘ll”...‘.l‘!’l"ll'.ll.l"/

#include <display h>
dels()

int IR

for {1 = 0; + < DISP_ROWS; i++} {

dsettextpos(s, 0},

fer {} = 0; ) < DISP_COLS; j++)

dpute(” 7},

dsettextposi0, 0,

/l.l'."‘ll"ll'.."lllO.l..l'llllll..llll(.‘““ll'.l...l‘l"l'l..l'll‘l.ll//

/* detrle:

/* AND1091 LCD dwsplay reuline for use with the Multimonilor:

*/

/0‘!‘0‘00!..!0000.0.9'.Olil'tllai000Olitll.l"lllll..‘.llll..lcl.il‘l“'l../

#include <display h>
detri(v)

iot v,
{

DISPWAIT,
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/* send control byte to display */

displib.c

*/

dcin

*/

dels

*/

detrl
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...dctrl
DISPCTL = v,

/'tllt‘i.‘ﬁlo‘t’.Il‘."l“ll.‘.l'll.ll"‘.‘l..30"ll.ll.‘l“”lllll"'lt‘ll /
/ /

J/* detrile ¢/

/' ANDI1091 LCD display routine for use w:th the Multimonitor:

282 M 2808 BRS040 A0SR 8208 AL SRS ESNNSENESSIPEIESESLEN SRS RNEBREIRILSRIYS

#include (display.a>

i
detrll(v, data) : detrll
int v, data;
{ /* send display one data byte */
DISPWAIT, /* and one control byte

DISPDATA = data;
DISP'WAIT,
DISPCTL = v,

}

‘BBBB OGP IS NS F LN PRI IEININ LT RN LINSRVNRIV IR NI EERORIRSINODL0000 00000 )

/* detrig e /

/' AND1091 LCD dispiay routsne for use wilh the Muitimonutor: -

TeS RSB NL AP0 L8000 0000800 SRRIRSRRRSNIENERSSERE0RSERPRNGRRSRSRRRSEPRESERTS
/

#include <dispaay b
detrl2(v, datal, data?) detrl2
int v, datal, datal:
{ /* send duplay two data bytes */
DISPWAIT, /* and one control byte

DISPDATA = datal,
DISPY/AIT,
DISPDATA -= datal
DISPWAIT,

DISPCTL = v,
/llllllllcconlnolaoaltlolloouot'looooculn-nonlpclllOlllollllotnilolllcoctatr

/* deursor ¢ Y

/* AND109t LCD dispiay routine for use wurih the Multimonitor
/..‘.‘l-"‘l"..lll.."‘.l."’."..'...'Olll'...‘.........l.‘.."l..."'..'/"
#'nelude <display h»

deursor{mode)
int mods,
{

dcursor
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it (mode)

detrl{OxSE); /* DISPLAY CURSOR ON */
else

detri{0x9C); /* DISPLAY CURSOR OFF */

I’Ctllll!l’llll'll“l“ltlllll”llllllltIl”l“l‘ll.'."l‘lllt‘llllll!tl‘ll!l Fa

/* deursor.c:

/* AND10S1 LCD dispiay routine for use with the Multimenitor: */

/l'l’ll'!Uli.lll“ll’llllllll‘ll..l'.tl!.t.t’ll“8..!‘l!l“l.ll“‘ll‘llil‘l‘/
‘

#inelude <display.h>
dcursor{mode)

int maxle;
{

i* ‘mode)

aciri{0xSE); /* DISPLAY CURSOR ON ‘*/
eise

detri{0x9C); /* DISPLAY CUPSOR OFF */

A AL XN l‘lt‘l'Olt!lll‘ll.l“!“tll!ll"l‘l.l0l’l’.“C‘l“".l.l‘.l.ll.l!.l./
I

/! Acurssizece

/* AND1091 LCD dispiay routine for use with (Ae Mullimonitor: ¢/

!

//'Otlllll.!.lil.ll."l'l'l.‘.‘l..l‘..‘...l.‘l.ll".l.I‘l'.“‘....‘ll‘ll.ll'/
¢inelude <display h>

deurssize(size)
int size,

size = O0xAO | (uze & Ox07);

detri{size), /* CURSOR TYPE

/lﬁl'lllillOOtlilll’..0l.‘!.D0.0&'00Ill“‘l‘l‘OOIll“‘lD"lAl‘.ll“l‘llll‘l'l‘l/
[
/* ddalac

/* AND1091 LCD display rostine for use with {Ae Mull:monitor: */

/000!0"0.’Ol0!...00!0‘0.00‘.0!!"OOO"0tlOOICOl'.l‘lvl.l"..“l.ll.!ll.l’l/

#include <display b>
ddatalc)
int (5
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...dcursor
Y/
dcursor
'/
dcurssize

4

'/

ddata
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...ddata,
{ /* send dala byte to display */ .

DISPWAIT;
DISPDATA = ¢

\
i

RN RN NN NN N RN N N AN R R R A RN SN R EY N P

fodsy nal ¢

/* AND1091 LCD disp.sy routine Jor use with the Muitimonilor: */

//l‘anltallntlllcllltllla'll-nncrlltttn-'lll-lo:t‘ntlnlllllllo-ll!l‘ltlltt‘l/

#inelude <dispiav bl . .
disp_imit() disp_init
{

while ((DISPCTL & ux20) === 0j,

dctril0x84); S MODE SET */

detri2/0x40, 0, OXO0A;; S TXT TOME COM ¢/

detr!2{0x41, Oxle, 0i; st TXT AREA COM */

detri2{0x42, 0, 0XO08i; GR HOME COM r/
derininx43, OXIE, 0, 4R OARZA COM ’
detri2(0x24, 0, ©X0A), S* ADDR PTR SET *,

detr!2{Cx24, 0, 0X08), ‘* ADDR PTR SET */

deur!{0xA0), st cli. . TYPE '
detr!{0x9C), ., " DISPLAY MQDE SET */

Disp_text_row = 0
Disp_tex:_col = 0,

Disp _curs_row = 0,

Disp rurs_coi = 0

Disp text atrr :: DINP NORM
Nzt text row = 0

Nit _taxt _col = 0,
Nxt_curs_row == 0,
Nxt_curs_col = 0,

Nxt text attr = DISP _NORM,
fer (i = 0.1 - DISP _ROWS, i++) {

fer {; = 0. « DISP_COLS, ;+4) |
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.disp_init
Cur_img_chli]jj = OxFF;
Cur_img_atlillj] = 5
}
}
aeis(};
dupdate();
]
/lttl]!llllltll.l.‘l"l‘l“ll'lll“’tl‘l‘l““l‘l’l"“lJ“l‘tll"l““’ll'/
/* dmessage.c: ‘/
/* AND1991 LCD display routine for use with the Multimonitor: ¢
7 y
/“‘l"l‘l“ll’.".‘"lll"l‘.t“"‘l"'.‘l".‘.."t““‘ll"".'lll.lltll‘/
dmessage

#inelude <display.h>
dmessage(r, ¢, s)

int

char *

dsettextpos(r, ¢);

dputs(s},

,/tlttlllllllllﬂlllll‘ltlll.llll‘iltlll!'Oﬂll.l't’lill.lllllllll)llltdl!lttt/

7

/? dputatir.c. t/
/' ANDI091 LCD display routine for use with the Multimoniior: */

,ll’lll!lllll!l’llllll"llli".‘l’t““.“Cll.ll‘l""“l"l’llll“‘l"l“l/
/

#inelude <display b> '
dputattr{r, ¢, attr) dputattr

int r, ¢, attr;
{

dsetattrpos(r, c};

detr!1(0XCQ, attr);

"ll'lllll‘ll.’l.l'.‘.‘.l‘.‘ll.lll..'l.‘..l".“...“’.“‘ll‘l.‘.“l"“t’l/
At dputee: */
/* AND1091 LCD display routine for use with the Multimonitor: */

/lllll‘.l"llll.llll.!llll‘lll’!"llt“l(““‘...‘.“".‘l.ll.lll“’.ll.‘.l/

#include <dispiay h>
dputc

dpute(c)
iat

{

Page 5 of displib.c
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if (¢ =

o) |
Disp_text_col = 0;

Disp_text_row = (Disp_text_row + 1) % DISP_ROWS,

else |
¢ = ¢ - OxI0:

. s/

write caar
dsettextpos(Disp _text_row. Disp text_col};

detrl1(0xce0, c};

e/
/

/" write char’s atirbute
dsetattrpos(Disp_text_row, Disp_tex:_col);

detrl1{0xc0, Dhsp_text_atir);

/* update row and col varigblrs */
Disp_text col+~;

if (Disp_text_col >= DISP_COL3) {
Disp_text_col = 0,
Disp_text_row--,

if (Disp_text_row >= DISP _ROWS) {

Disp_text_row = 0;

}

/‘!’l"'l.l‘l"lll‘ll‘l.l’.l‘ll’ltl‘lllllll"llllll.'l“‘.l"lllll.ll"llll/

/* dpuichar.c. '/
/* AND1091 LCD display routine for use with the Muitimonitor. '/

/lll.llll""llll‘ll‘.lIl.l‘lll‘ll‘llllll‘ili'li"ltll.l’tl!"ll!l.llll.l!t//

#inelude <display b
dputchar(r, ¢, ch)
int r, ¢, ch,
{
ch == ch - Ox20,
dsettextposir, ¢,

detril(0xc0, ch);

/"lll‘l‘l‘l"lll'lﬂ‘l.l'0ll'l“"llllllll‘l’ll.lll‘llll!‘lllil".llll.”.‘../

/* dputs’e: */

displib.c

...dpute

dputchar

Dec 18 10°54 13989 Page 6 of displib.c
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/* AND1091 LCD display routine for use with the Multimonitor:

/Oltt.tltlltltttiilttt‘tttttlt‘ltlttt"‘ttt‘t"“lt!ltltl"lt"‘t’lt‘ttt‘tt/

#inelude <display.h>

dputs(s)
char
{

while () {
dpute( %s);
s++;

}

/tltlld!ll!ltattltlttlttttﬁlliltt‘!!l’l!ltttll!ttttl‘tl‘ti"tttt‘lll‘tt‘tt‘/

/* dre2aaddr.c:

/* AND1091 LCD display routine for use with the Multimonstor:

/’l‘lll!"l‘ll‘!.lll‘l‘l"l'l‘!'ti’tllilt.l"‘l‘lllll‘tll“l‘"“lllltlt‘l‘/

#inelude <dispiay.h>

drc2aaddr(r, ¢, msb_ptr, lsb_ptr}
int r, ¢, ‘msb_ptr, ‘sb_ptr,

{

it (r < 8) {

b pr =1 * 30 + ¢

‘msb_ptr

else {

1sb_ptr =

‘msb_ptr
)

/lll.“tllllll‘ll‘l"’Ol'lllll“l.l..!l0"‘"‘ll.lil.l...ll'll‘.“l“i“l‘l/

/* dre2taddr.c

/* AND1091 LCD display rouline for use with the Multimonttor:

/tnatlataa.aanona-naaanttatcntt‘tltn’llolalnnltanolltcloatullllltlcttttOOIC/

#inelude <display.h>

dre2taddr(r, ¢, msb_ptr, Isb_ptr)
int r, ¢, ‘msb_ptr, ‘sb_ptr;

{

ir (r < 8) {

Tsb_ptr = r * 30 + ¢

‘msb_ptr

Dec 18 10:54 1989

DISP_AADDRIM;

{r — 8) *30 + ¢

DISP_AADDR2M;

DISP_TADDRI1M;

displib.c

dputs

*/

drc2aaddr

t/

drc2taddr
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else {
sb_ ptr = (r - 8) * 30 + ¢
*msb_ptr = DISP_TADDR2M;

}

/l'tattllllt«l!ttlAll1::-atlnlnn:lttln¢tllnltll!lant:llaulllllllllllacllvlt

/* dsetattrpes.c
/* AND1091 LCD aisplay routine for use with the Multimonitor: */

/l"."‘l.“ll.l“ltll“t.l'llltllllll‘8'llll.lllll.llll.l".'tl‘ll“‘t.“l/

#inelude <display h>
dsetattrpos(r, c)

int LG
{

int Isb, msb;

dre2aadde(r, ¢, &msb, &lsb);
detrl2(0X24, Isb, msb};
Disp_text_row = r;

Disp text col = ¢
/’l!.l'..ll‘l“l"‘llll..l!l.'ll.llll‘llllll".'l‘.’ll.‘l“'.’!l“fi"!ll../

/* dsetattr.c
/* AND1091 LCD display routine for use with the Multimonitor: t/

/‘.‘.‘l"".‘."ll“lll’ll‘.llllllllll".lt."l.‘ll”.!l'.."'I“.llll'l!.l/

#inelude <display.h>
dsetattr{attr)

int attr;
{

Disp_text_attr = aru;

/"l.ll“.l‘ll‘i‘.l.l"llllllll.Jlllll"lll’l‘.ll.".".’l.“llll‘l‘l!.““/

/* daetcurspos.c

/* AND1091 LCD display routine for use with the Multimonitor: °/

/ll..‘l'l..l‘!...llU'O'l"l‘llIOll‘0l0lilll.l!.li‘l.ll.l‘ll'll"l.‘lllilil‘/

#ineciude <display h>
dsetcurspos(r, ¢}

int r, ¢
{

Dee 18 10:54 1989
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...drc2taddr

*/

dsetattrpos

«/
/

dsetattr

‘/

dsetcurspos

”
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it & >
r=r

= 8
+ 0X10 - 0X0s;

detri2(0X21, ¢, 1);

Disp_curs_row = r;

Disp_curs_col = ¢;

/3‘)l‘llltl‘l"‘lt‘!t‘tt‘lttlll"t”C'll"l"llllllUlllt'tll‘tlttl‘lt"lllt/

’

#include <display.h>

/% dsetteztpos.c

/* ANDI1091 LCD display routine for use with the Multimonitor:

*/

/Ottt.xlttltt.l.t‘ttt‘tl.lltltt‘lﬂtttlilttl!i'ttt!tl‘ttlitlﬂtll]‘!l‘t‘llttt/

dsettextpos(r, c)

{

int

int

isb, msb;

dre2taddr(r, ¢, &msb, &lsb);

detri2(0X24, Isb, msb);

Disp_text_row = =

Disp_text_col = ¢;

/‘t.Ol'li.l““..l‘..‘.“ll“l‘.“’Ol‘l’.‘-.‘lttlt‘l‘.ll...".“l.“‘l"‘l‘/

/* dupdate.c

/* AND1091 LCD display routine for use wnith the Multimonitur:

'/

/l‘.".‘..‘t"‘.ll.l‘.ll".“t.‘l...!l!‘.."“!.".i"l‘l‘O‘ll'tllll‘l.'l‘l/

#inelude <display.h>
dupdate{)
!

t

int

i, &

fer (i = 0; i < DISP_ROWS; i++) {

for (j = 0; j < DISP_COLS; j++) {

Dee 18 10:54 198

if (Cur_img_chlil(j] '= Nxt_img_chfil{j}) {
dsettextpos(i, j);
dputehar(i, j, Nxt_img_chfillj]};

Cur_img_chli|lj] = Nxt_img_ch{illjl;

if (Cur_img_atflfi] t= Nxt_img_atfilfi) (

displib.c

...dsetcurspos

*/

dsetteztpos

'/

dupdate

Page 9 of displib.c




e e - = a—

[ —

displib.c

dsetattrpos(i, j);
dputattr(i, j, Nxt_img_atfi][j]);

Cur_img_atfiilj] = Nxt_img_atfi]{j};

}

Disp_text _row = Nxt_tex:_row,
Disp_texi_ccl = Nxi_text_col;

Disp_curs_row = Nxt_curs_row;
Disp_curs_col = Nxt_curs_col;

Disp_text_attr == Nxt_text_attr,

dsetcurspos(Nxt_curs_row, Nxt_curs_col);

/’.’lll".‘ll"lltltllll‘lll‘l‘ll.l‘ll‘llll‘l'l.l.'lll“‘tll"lll.l‘ll.."t/

/* dupdin.c

/* AND1091 LCD display rouline for use with the Muitimonitor:

/lcnoatoc:lactnaa-no:ca:allntlallltnnlllnaaltlnaonolctloaalnalulOllataannat/

#inelude <display.h>
dupdln(i)

int N
{

for (j = 0; j < DISP_COLS; j+=) {
if (Cur_img_ch)lljj '= Nxt_img_ch[ill]) {
dsettextpos(i, j},
dputebar(, j, Nxt_img_c3 i),

Cur_img_chijijt = Nxt_img_chiiljl;

if {Cur_img _athl} '= Nxt_img_atillj]) {
dsetattrpos(t, j),
dputattr(s, 5, Nxi_img _atiyl)});
Cur_img_atpily] = Nxt_img_at}ij}];
)
Disp_taxt row == Nxt_text_row;
Disp_text _col = Nxt_text_col,

Disp_curs_row == Nxt_curs_row;

Dec 18 10:54 1989
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...dupdate

'/

dupdin
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...dupdin
Disp_curs_col = Nxt_curs_col;
Disp_text_attr = Nxt_tlext_aitr;

dsetcurspos(Nxt_curs_row, Nxt_curs_col);

/ttllltllaltltl‘tltttttt!.tttlltlt!!tltttl‘t!tt!ttt!tltttlltitl!!‘ltttltlll/

/? neln.c: */
/* AND1091 LCD display routine for use with the Multimonstor: ¢/

/tlt"attttlttt’l‘ttttt’t!tltltt’tltllltttttt‘.!t’ttl!td“lt!llclﬁtl#t"!lt/

#include <display.i>

ncin(line) ) nein
int line;
{

psettextpos(line, 0);

for (i = 0; i < DISP_COLS; i++)
npute{” );

nsettextpos(0, 0);

’
/“‘Ol’C‘.‘l!‘l“.'l.l‘.-.l."'lI.“‘l““'.'.l‘l..l’l..t"‘..“l‘..'l“‘.l/

/* nels.c: _ */

/* AND1031 LCD display routine for use with the Muitimonitor: t/

/‘!Ot!lllilllllllll!.ttltl‘00“""0!lOtOGltltltllllttcalttlllttc.t.lt‘lti!/

#inelude <dispiay.h>

?cls() ncls

int Lob

fer (i = 0; i < DISP_ROWS; i++) {
osettextpos(i, 0);
for (j = 0; j < DISP_COLS; j++)
spute(” ),

nsettextpos{0, 0}.

/..O.‘!l’"‘...‘.ll.“”‘.lll.f!0'!!'..l“”l‘lll"’d‘..l.ﬂll..l“.l‘.l‘..“/

/* nmesage.c: */

Dee 15 10:54 1959 .. Page 11 of displib.c
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/* AND1091 LCD display routine for use with the Muitimonitor: '/

/‘Cl‘.“l"lltllll..ll‘l"ll‘ll“llllIl‘l’ltlltll‘l‘tt!ll’l‘ll“.llll‘llll./

#inelude <display.h>
ninessage(r, c, s)
int roc
eher s;

nsetlextpos(r, c¢};

aputss);

/.l‘l.“‘.'ll"‘l’."“’...l‘.illll.lll’lll“t"llll!‘l.‘ll“‘.l.‘ll"..‘l‘/

/* npulattr.c
/* ANDI1091 LCD display roufine for use unth the Muitimonitor. '/

/'...‘.‘lll".l‘l.'ll."l.’lll‘ll‘.l‘lll'llllO'lll‘""""‘l.."..l‘.l"‘l/
/

#inelude <display h>
aputattr(r, ¢, attr)

int r, ¢, atur;
{

Nxt_img_atir;lej = attr;

/"l.lllli'll’l‘i‘ll“'..l.’.l"‘l..ll..l..’lllllll’.l!l]li"li.lll.l".'l'/
/

/* nputec.c
/' AND1091 LCD display routine for use with the Mulli.nonitor: */

/.lllﬁl“ll.l‘.l’ll.ll.‘....ll..'ll.il‘l-’llillll!l.l!\l.'ll!lll“l..lll‘il/

#inclade <dispiay h>
pputelc)

int c;
{

Nxt_text_col = 0

Nxt tart_row = (Nxt_text_row + 1} % DISP_ROWS,

else |

/* write chzr */
nsettextpos{ Nxt_text_row, Nxt_tlext_-ol);

/°® erte char’s attndule */
nsetattrpos{Nx: text row, Nxt ‘ext_coi);

Nxt_img_chNxt_test row|[Nxt_text_col| = ¢

Nxt_img_at/Nxt_text_rowil

Nxt_text_col| = Nxt_text_attr;

Dec 18 10:54 1989
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nmessage

/

nputattr

*/

nputc

Page 12 of displib.c



—

gy W % s 2 et g s .«

displib.c _ displib.c

...npute
/* update row ond col varigbles */
Nxt_text_col++;
if (Nxt_text_col >== DISP_COLS) {
Nxt_text_col = 0;
Nxt__text row++;
if (Nxt_text_row >= DISP_ROWS) {
Nxt_text_row = 0,
}
}
}
/.""l"l"!l.‘.""’.lt.“..l'l.tlﬁ.‘...’.‘t‘O".“J‘.ll"...*.“‘.“tl“i/
* npulchar.c ¢
P
/* AND1091 LCD display rouline for use with the Multimonitor: 4/
/!lll"‘.l.lI‘ll..'...‘l.‘.i"t".i..l“‘.“‘.l‘.’lt’“(‘.‘ll.“t‘t‘lt“l’llt/
#include <display.h> .
nputchar(r, ¢, cb) nputchar
int r, ¢, ch; '
{
Nxt_img_chirlle] = cb;
/.‘ll.".‘.."""‘.‘.“.".."U"..‘.‘..‘."."l‘.l“.‘.."..G.“.‘..lllt.//
/* nputs.c .
/* AND1091 LCD display routine for use with the Multimonstor: - ¢/
/‘""lli"l“.'.“l..l.."‘.‘l.l‘.i.‘lll‘ll‘l‘.i.’l....'.‘.“.‘.‘..l‘iitl‘/
#include <display.h>
cputs(s) nputs
char s,
{
while () {
spute] ‘),
s+,
)
/'."‘.‘ll‘o.‘l.ll.’l..‘ll’"..’00".‘D.‘l‘..‘.’.l"t‘l‘..“...l'.lll.i.l'../
/* nsetallrpos.c: t/
/' AND1691 LCD display routine for uae with the Mullimonitor: '/
/.‘..".l.‘l"’.'".."l.l‘"l‘“‘.Oll.l"..."‘..“.‘l“.....‘..I“‘....“/
#include display h>
osetatirpos(r, ¢) nsetattrpos
int r, c
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...nsetattrpos
= {

Nxt_text_row = r,

Nxt_text_col = ¢;
/‘ll'.“’l’ll'.‘ll'l“'l‘.ll‘llll..l’..““l.'l’ltl.l“l‘llllltl"lllllll‘l/
/* nsetallrpos.c: t/
/® AND1091 LCD display routine for use with the Multimonitor: ‘/
/ll"'.‘."‘l"l.‘.‘“".’."Jl“'ll‘l"..'I.l‘..‘ll’l““’.ll‘ll.“'l““‘/

/

#ioelude <display > .
nsetattr(attr) nsetattr

iot attr;

{

Nxt_text_attr = attr;

/'Ol.l“.’“‘.ll.l..l.‘l‘l’l“l.l.l"‘.ll‘l‘ll'.’l.l'l.’.l‘.l!ll‘lll"“!l./

/* nsetcurspos.c: ‘'
/° AND1091 LCD display routine for use with the Multimonitor: '/

/llllll."."llll".ll‘lilllilOO‘.“.I‘..'..""...“‘l.l"lll‘.llﬂ..l‘.'l‘/
7

#inelude <display h>

asetcurspos(r, ¢} nsetcur.spos
iat T,

{

Nxt_curs_row = r,

Nxt_curs_col = ¢;

/ll.'lllJ'lll.'.'ll.l..llll'Oll".l..l““.l‘l'.l'!lll...'l'l.lll.l‘l.!llll/

/¢ naetteztpos c. ‘/
/* AND1091 LCD duplay routine for use wnth the Mullimonilor */
/llll’lll"llllllllll.ll‘.'llll'."'l‘."l‘ll‘.""l‘l‘l'l"ll“‘ll'll.'lll/
’
#inelude ~dispiav i
asettextpos(r, c) nsette:ztpos

int r, c,

{
Nxt_text_row == r;

Nxt_text_col = ¢

/‘l..'l'O"Ol.ll'lll.l.l‘lOll""ll‘0'l..l...l'.'l“.“""l‘l“l.ll.‘l.lil/
/

Dee 15 10:54 1959 Page 1§ of dusplib.c



Vit

displib.c displib.c

/" weln.c: ¢/
/* AND1091 LCD display routine for use with the Multimonitor: 2/

/t‘ttlttll.t!.l.tta.!tttltt!tttdt“‘l‘t!ttalnttltltlt.tt“,l'.‘tt’&ttltl‘ll/

#inelude <display.h>
wclziline) weln

int line;
{
int i;

wsettextpos(line, 0);

for (i = 0, i < DISP_COLS; i++)
wpute(” );

wsettextpos(0, 0);

/‘lllttl!l.Olll'!..‘lllll..".'."..l‘.‘ll..i.l.‘.ll“‘C"““l““".l..ﬁ./
/ .

/* wels.e: s

/* AND1091 LCD display routine for use wilh the Mullimonitor: */

/c.lllllt!"llli"ﬂitilltllltlilllttlll.l‘ltllll‘t.l.tl!t“‘t.lltlalltl.!'./
4

#inelude <display.h>
weis() v wels

int i, 5

for (i = 0; i < WIN_ROWS; i++) {
wsettextpos(i, 0);

fer (j = 0; j < DISP_COLS; j++)
wpute(© ‘),

wsettextpos(0, 0);

/‘lllll‘.llllll‘l"lll0‘1.00.'l‘!ll’lil“l'llll"ll..l'..l.ll‘l..l‘l‘.l.‘ll/
/ 7

/' wyelorg e '/

/* AND1091 LCD d.splay routine for use with the Multimonitor: '/
/“0l‘l‘.".."..l‘.“‘l"ll..‘....O.ﬂ.il‘lCl.'..“‘.l.."l“‘..‘li‘ll.ll../

#ioelude <display.h>

wgetorg() wgetorg
{

retura (Win_row_org);
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/’Ull“‘.‘l."‘l""l!"'.!l‘.“"lt‘."‘.‘.‘ltll.’ll“ll‘l".’.llll‘l“l‘./

/* win_to_nat.c: ¢/
/* ANDI1091 LCD display routine for use with the Multimoniior: */

/‘.”’.."!-‘.lll’llll’lll.l.llllIlU‘ll"l'l‘\'“'l’ll.”“]‘l"l"."lll.‘l/
#ioclude <dispiay h>
win_ o axiyf)

win_to_nzt
int i, j, nrow, wrow;
orow = Win_row_dorg;
wrow = Win_row org;
for (i = 0, | < Win _row_len: i++, nrow<+, wrow++) {
for (j =0, j < DISP_COLS; j++ ¢
oputchar(arow, j, Wia_ch{wrow ;:
oputattr(arow, j, Win_at{wrowij}});
}
}
nsettextpos(0, 0);
/l'llll'llll'lllll.ll"ll.‘.ll-'l.‘Il.l.‘".IlllIl."ll.‘l.'llll’.‘.."..'.‘//
7
/* win_to nine: '/
/* AND1091 LCD display rostine Jor use wilh the Muiltimonstor: '/
//‘..‘...‘.“l..!."ll‘lll"l".l“l.’..'l'."....‘.l‘l"‘..l‘l.'l"I“""'/
/
#ineclude <display i
win_to_aln{wrow) wln._to_.nln
iat wrow:
{
iat J, arow;
int offset,
offut = wrow - W‘n_row_org,
if [offset -z Win_row _len || offset < 0)
retura,

arow = Wnn_m\v‘dorg + offset;
for (} = 0 ) < DISP_COLS, j++) {
nputchar(nrow, j, Win_ch{wrowjlji};

oputattrfarow, ), Wio_at{wrowl(;:),
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/lt&.t!l!ttlllltttttt!l'.l.“‘lltlt“‘. t"8‘..‘40“ﬂlt‘l“t".tl't.tlt’ttl’l/

/* wmake.c:
/* AND1091 LCD dispiay routine for use wi k th: Multimonitor: */

/3888888080088 80 88808082 R0 ast s NIttt ssstUaRRO LSRR ISILBstIsnssRaNLELS )
’ /

#include <display.h>
wmake{drow, len}
ipt. drow, len;
Win_row len = len;
Win_row_org = 0;
Win_row_aorg = drow;

wsetatu(DISP_NORM);

/l..‘lltll.ll.lllacltll‘!'!Cl!’i‘.‘l.tlt.tll'.t.t“l.lt!‘.tl‘ctttlltllttclﬂ/

/* wmesiage.c:

/' AND1.,91 LCD display routing for use with {he Multimonitor: ¢/

/l’l‘llll.ll".."i'l‘l’l."i.l.l.."0"."‘.“.’0.“.'.'l.t‘.!“l.“i“"./

#ineclude <display h>
wmessage(r, ¢, 3}
iat roc
ehar s;

wsettextpos(r, c),

wptsis);

/l'lll‘..‘lldll'llO'..'.l"l.l.O.l‘.."....l‘ll‘.“‘.“..’O..Ol‘ll.lliil.'l/

/* wpulaltr.c:

/* AND1091 LCD display routine for use wnih the Mullimonitor: ¢/

/.o".l."..'..“."’..'..“......“‘.“..'.‘.'.“‘."“...'."".".‘.l.“/
/

#isciade <display >
wputattr(r, ¢, atir)

int r, ¢, atte;
{

Win_atirfc] = attr;

/l“'t!ll‘lll!l‘!'l.l’.tl.l'O0.0ltO'OOIIO'IO‘-O..OO'I‘OAll.l‘ll‘l‘O.'ll!.../

/* wputec:

Dee 1£ 10:54 i959
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4

wmake

'/

wWmessage

*/

wpulatir

*/
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/* AND10o91 L
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CD display routine for use with the Multimonitor: ‘/

/l‘tlll'll“ll‘ll..lt.ll!l‘ll’!“‘ll‘l‘t’l’.“-‘IO!l.‘ll.ll“.lll‘ul.llllll/

#inelude <display h>
wpute(c) wputc
int c;
{
if (¢ == "\n") {
Win text_col = 0;
Wis text row == (Win_text row + 1j % WIN_ROWS;
}
else {
/* wnte char */
wsetlextpos{Win _text :ow, Win_text _col);
/* write char’s attridute */
wsetatirpos Win _text _row, Win_text_coi);
Win_chWin_text_rowi Win text col| = ¢;
Win_at/Win_text rowi Wia_text coll = Wia_text attr;
/* update row and col variables */
Win_text_coir=;
if ;Win_text _col >= DISP_COLS! {
Wia _text_col = D,
Wing _text rows«
if (Win_text_row >= WIN_ROWS) {
Win_ text_row -z 0
}
)
)
)/lll.lll."l“‘llll‘lllﬂ"lll."l'.‘.l“'...l“.'l'...“’.l"'l‘l.'l“'l""/
/
/' wputchar ¢ ¢/
/* AND1091 LCD dispiay routine for wse with {he Mullimondtor 4
l“...l“l.“.‘.'0.'0‘0"’l."'l‘l“.'l"‘l.l.l’"lllll'l".ll‘.'..'l.f.ll/'
#inelude <display h>
wputchar

wputchar(e, ¢,
fat
{

ch)

Wis_chrilel = cu,
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/tttllti’l’lttitll’llttt‘atttttl‘lt!att!l!tﬁ‘t’t“t‘!tl‘tlt.!tt.!t’tttdlt‘t/

/* wputs.c. */
/* AND1091 LCD dispiay routine for use with the Muitimonitor: */

/llillltttttttltttttttltt!llttlttt#tt:ttnilltllttlt‘itt.tllttttttlltt!lllll/
£

#include <display.h>
wputs(s) wputs
char
{
while (%) {
wpute( ‘s};
S+
}

/l!‘llitt‘lt‘l‘l‘.‘l‘ll".l‘3‘li""ll‘!"l"l‘.‘ll“ll‘.lllt“!‘t".’l‘.’t/
/

/* wscroildown.c: */

/* AND1091 LCD display routine for use wsth the Multimonitor: */

/l’t"l.lit“llll.lltllltl‘l’!lﬂ‘tl’l’.lt‘lll.‘ltlllt!.l’tlt““!C’Cl"“"/

#inelude <display.h>

wscrolldowa(n) wscrolldown
int n;

{

Win_row_org —= n,

it (Win_row_crg < 0} {

Win_row_org = 0;

win_to_nxt();

dupdate();
/llt!l‘l.l‘l!.".lll..."l“..Ol“l‘l..."l’tl".'.‘l'.’.“"‘l"!‘.""‘.’/
/* wserollup ¢ */

/* AND1091 LCD dispilay routine for use with the Multimonitor: */

/t’l“llit‘l'l“t"‘l"tlll.lltl’l‘.l’.’l’lll"l..tll“’ll.‘l“.'“tllltltl/

#inelude <display.h>

wscroilup(n) wscrollup
int n;
{

int lastpos;

lastpos = WIN_ROWS - Win_row_len - 1;
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Wis_row_org += n;
if (Wia_row_org > lastpos) {

Win_row_org = lastpos;

wia_to_axt(};

PN
dupdate(};
/‘t.l‘tllll’l‘ll‘lltll.ill'lllll.‘ll‘lllll‘l:‘l"‘t“‘ll‘..‘l“lll‘.‘ll‘l'./

/* wsetatirpos.c
/* AND1091 LCD display routine for use with the Muitimonitor: '/

/!!l!lll.ll“‘ll!ll“ll.’tl’!tll!.!!!.!lllillll!!ltlll’t"‘l‘.“ll‘l'tt‘lll/

#inelude <display h>
wsetattrpos(r, c)
int T, c
{
Win_text_row = r;

Win text col = ¢
/llll!lllll’l‘llll'l.l‘."‘.lil"'lll!lll."“!l.lll.’...“l‘l“‘l"’l‘.l.l/

/' wsetattr.c
/* AND1091 LCD disp'~r -~«tine for use with the Mullimonitor: ¢/

/‘lt'll‘lll’l‘l'll'lll‘lJ.ll."l'tllllll‘l..‘.l'l"ll‘.‘..l"‘ll.“‘l.lll"/

#inelude <display h>
wsetattr{attr)

int attr;
{

Wia_text_attr = attr,

/lll‘Illl‘l'llll'llllllllltlllll’llI‘!U’l"lll.!t’l"."Otﬂlﬂl‘lﬂl‘ll'llll./

/' wsetcurspos ¢
/* AND1091 LCD display routine for use with the Multimonttor: ‘/

/"‘l.’l‘.Illll‘l‘l"llllUﬂllllll’lll‘llllllll"!""ﬂ.l""‘ll.l“ll.l‘li./

#include <display h>
wsetcurspos(r, c)

int r, ¢
{

Win_curs_rovw = r;

Win_rurs_col = ¢
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...wserollup

*/

wsetatirpos

‘/

wsetattr

'/

wsetcurspos
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...wsetcurspos
/l“‘ltltt"!ti"“i't‘t‘lltl’t!t‘lIt‘l““‘.l‘ttlttﬂl*‘t"‘lt‘t’l"tttttll/
/" wsetleztpos.c ) +/
/* AND1091 LCD display routine for use with the Multimonilor: */
/IllI‘ltl“““l““‘l‘t"‘l”‘lt!l““““‘.I‘l""tl““l“l‘tl‘l!t‘lt!lt/
#inelude <display.h>
wsettextpos/~ ¢} wsetteztpos
int <
{
Win_text_row = r;
Win_text_col = ¢;
}/tll‘ﬂll‘3"tt“l“"‘lll“""l‘tl’“"8““""‘333‘8“ll“!“‘t‘l!"t‘tl/
/* wupdate.c: A t/
/* AND1051 LCD display routine for use with the Multimonitor: */
/’lltllltt“""‘l.'l.[t“"“l‘l‘it!tt"‘t"!'t“.lll.‘i‘.".'ttt‘."ltlt“/
#inelude <display.h>
wupdate() : wupdate
{
win_to_nxt();
dupdate();
}
/U.OliIl‘l‘.‘.‘!ll.‘.l"‘.‘.“lll“‘tt“.l’ltl"l‘ltl‘t‘tttl!’ll‘ll‘ltl“t’l/
* wupdin.c: . d
P
/* AND1091 LCD display rouiine for use with the Multimonilor: */
/"“l‘]‘."“‘l“".ll'lt‘tl.‘ill"ll“."‘l’t““ll..‘!"‘.'II”"’I’I"‘/
#inelude <display.h>
wupd!n(i) wupdin
int i
{
iat ki

if (i < Win_row_org {| i >= Win_row_len + Win_row_org)
return;

win_to_ala(i);
j = Win_row_dorg + i - Win_row_org;

dupdln(j);
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